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GH GpPRWLYDWLRQ HW DX FRQWUDLUH GH SpULRGHV G¶DSSUHQWLVVDJH HW GH GpFRXYHUWHV LQRXEOLDEOHV
'XUDQW FH SDUFRXUV GH QRPEUHXVHV SHUVRQQHV GH GLYHUV KRUL]RQV JpRJUDSKLTXHV HW
VRFLRSURIHVVLRQQHOVRQWSXP¶DSSX\HUPHVRXWHQLUHWPrPHPHFKDQJHUOHVLGpHVTXDQGFHOD
pWDLWQpFHVVDLUH(QYLURQ ODPRLWLpGHFHWWH WKqVHV¶HVWGpURXOpHDX%UpVLOSD\VG¶R O¶RQQH





TXL GHSXLV  HQ PDVWHU P¶D ODQFp GDQV FHWWH DYHQWXUH EUpVLOLHQQH 6D ULJXHXU HW VRQ
H[SpULHQFHSURIHVVLRQQHOOHVDLQVLTXHVDVLQFpULWpSHUVRQQHOOHP¶RQWSHUPLVGHSURJUHVVHUWRXW
DX ORQJGH FH FXUVXVXQLYHUVLWDLUH -¶DL QRWDPPHQWSXDSSUpFLHU VD FRQILDQFH HW VD OLEHUWp j





/XL] $XJXVWR 7ROHGR 0DFKDGR -H OH UHPHUFLH SRXU P¶DYRLU SHUPLV G¶LQWpJUHU O¶pTXLSH GH
'6$ DX VHLQ GH O¶,13( FHQWUH GH UHFKHUFKH HQ SOHLQH G\QDPLTXH /RUV GH PHV SUHPLqUHV
UpXQLRQVGHWUDYDLOQRWDPPHQWORUVGHODFDPSDJQH&+89$j$OFDQWDUDHQMHQHYRXV
FDFKHSDVTXHMHPHGHPDQGDLVELHQFRPPHQWM¶DOODLVSRXYRLUP¶LQWHUFDOHUGDQVXQPRQGHGH
PpWpRURORJXHV HW GH SK\VLFLHQV GH O¶DWPRVSKqUH pWDQW GRQQpH PD IRUPDWLRQ LQLWLDOH HQ
WpOpGpWHFWLRQ DSSOLTXpH j O¶RFFXSDWLRQ GHV VROV &¶HVW DYHF XQ JUDQG VDYRLUIDLUH HW GH






DLQVL TXH GHV pWXGLDQWV HW GLIIpUHQWV DJHQWV P¶RQW WRXMRXUV DLGp GDQV PHV WkFKHV
SURIHVVLRQQHOOHVHWDGPLQLVWUDWLYHV
$&DFKRHLUD3DXOLVWD MH WLHQV j UHPHUFLHU WRXWSDUWLFXOLqUHPHQW 'DQLHO9LODTXLP¶D
HQVHLJQpOHODQJDJH,'/HWVHVDSSOLFDWLRQVHQPpWpRURORJLHDLQVLTXHVDIHPPH&ODXGLDDYHF
TXLM¶DLSDUWDJpXQHVDOOHGHWUDYDLOGXUDQWXQHERQQHSDUWLHGHPRQVpMRXU/DUHQFRQWUHDYHF




HW SHUVRQQHOV DGPLQLVWUDWLIV GH O¶,13( (QULTXH :HEHU 6LPRQH )UHG 7KRPDV 5HQDWR
0DULOLD HW 'LHJR *ODXEHU 5DPRQ )HOLSH 1DWDOLD 5HQDWD &DURO 3HGUR ,VDEHO &DUORV
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+HQUL /XFLDQD /HRQDUGR 4XHLOD $GULDQH &Dr *OHHP 5LFDUGR $QGHUVRQ (G ,VDEHOO\
5RJHU0DUFHOR$OLQH'LHJR'DQLHOD-XGLU«SRXUOHXUVRXWLHQHWWRXVOHVVHUYLFHVUHQGXV
$ 5HQQHV PHV UHPHUFLHPHQWV YRQW DXVVL j O¶HQVHPEOH GH O¶pTXLSH &267(/ ;DY
3DXOLQH-HDQ(PLOLH+HUYp9LQFHQW6DPXHO-RKDQ&\ULO&KORp-XOLH(WLHQQH&OpPHQFH











 (QILQ OHVGLIIpUHQWV VRXWLHQV ILQDQFLHUVRQW pWp LQGLVSHQVDEOHV j OD UpDOLVDWLRQGHPD
WKqVHGHGRFWRUDWHW DX[GLIIpUHQWVFROORTXHVHW VpPLQDLUHV/H0LQLVWqUHGH O¶(QVHLJQHPHQW
6XSpULHXU HW GH OD 5HFKHUFKH O¶DPEDVVDGH GH OD )UDQFH DX %UpVLO 5HQQHV 0pWURSROH OD



























/HV FLUFXODWLRQV DWPRVSKpULTXHV V\QRSWLTXHV HW ORFDOHV H[SOLTXHQW OHV YDULDELOLWpV VSDWLRWHPSRUHOOHV GHV
SUpFLSLWDWLRQV HQ $PD]RQLH EUpVLOLHQQH &H YDVWH HVSDFH JpRJUDSKLTXH HVW FDUDFWpULVp SDU XQ UpVHDX
SOXYLRPpWULTXHSHXGHQVHHWKpWpURJqQHTXLOLPLWHXQVXLYLH[KDXVWLIGHVSOXLHV/DWpOpGpWHFWLRQHVWDORUVORXWLO
SUpIpUHQWLHODILQGHSDOOLHUFHWWHODFXQHVSDWLDOH7RXWHIRLVOHVHVWLPDWLRQVTXDQWLWDWLYHVGHVSUpFLSLWDWLRQV43(
GpULYpHV GHV GRPDLQHV VSHFWUDX[ GHV ,QIUDURXJHV ,5 HW 0LFURRQGHV 02 RX GH WHFKQLTXHV PXOWL FDQDX[
VRXIIUHQWGHUUHXUV/HVVRXUFHVGLQFHUWLWXGHVHWELDLVGHV43(SHXYHQWSURYHQLUGHODFDOLEUDWLRQGHVFDSWHXUV
GH ODOJRULWKPLH HW GH OpFKDQWLOORQQDJH GHV FKDPSV GH SOXLH 'DQV FHWWH WKqVH OpYDOXDWLRQ GHV DOJRULWKPHV
7500%Y&0253+HW3(56,$11VDSSXLHVXUXQHEDVHGHGRQQpHVSOXYLRPpWULTXHVGRQWODILDELOLWp
HVW DVVXUpH SDU XQ FRQWU{OH GH TXDOLWp ULJRXUHX[ 6XU OD SpULRGH  O¶LQWHU FRPSDUDLVRQ GHV SURGXLWV
VDWHOOLWDLUHVPRQWUHXQIDLEOHDFFRUGFRHIILFLHQWGHGpWHUPLQDWLRQDYHFODEDVHGHUpIpUHQFHHQ$PD]RQLH
EUpVLOLHQQH /pJDOH 7500%Y SUpVHQWH OD PHLOOHXUH SHUIRUPDQFH DYHF XQ pFKDQWLOORQQDJH FRUUHFW GHV
FKDPSVGHSOXLH(QRXWUHXQFDVG¶pWXGHVPRQWUHTXHOHVHUUHXUVGHV43(SDUVDWHOOLWHVRQWSOXVLPSRUWDQWHVHQ
PLOLHXIRUHVWLHUQRWDPPHQWSRXUOHSURGXLW020:&20%(QILQODFRUUHFWLRQGHVJULOOHVVDWHOOLWDLUHVSDU3')





6\QRSWLF DQG ORFDO DWPRVSKHULF FLUFXODWLRQV H[SODLQ WKH VSDWLRWHPSRUDO YDULDELOLW\ RI UDLQIDOO LQ WKH %UD]LOLDQ
$PD]RQ 7KLV ZLGH JHRJUDSKLFDO DUHD LV FKDUDFWHUL]HG E\ D VSDUVH DQG KHWHURJHQHRXV UDLQ JDXJHV QHWZRUN
ZKLFKOLPLWVDQH[KDXVWLYHPRQLWRULQJRIUDLQIDOO5HPRWHVHQVLQJLVWKHQWKHSUHIHUUHGWRROWRILOOWKLVJDSVSDFH
+RZHYHUTXDQWLWDWLYHSUHFLSLWDWLRQHVWLPDWHV43(GHULYHGIURPVSHFWUDO,QIUDUHG,5DQG0LFURZDYH0:
RU PXOWLFKDQQHO WHFKQLTXHV VXIIHU IURP HUURUV 6RXUFHV RI XQFHUWDLQW\ DQG ELDV RI 43( PD\ FRPH IURP WKH
VHQVRU FDOLEUDWLRQ WKH DOJRULWKPV DQG VDPSOLQJ RI UDLQ ILHOGV ,Q WKLV WKHVLV WKH HYDOXDWLRQ RI DOJRULWKPV
7500%Y&0253+ DQG3(56,$11 UHOLHVRQ D UDLQ JDXJHV GDWDEDVH ZKLFK UHOLDELOLW\ LV DVVXUHGE\
ULJRURXV TXDOLW\ FRQWURO 2YHU WKH SHULRG  WKH LQWHU FRPSDULVRQ RI VDWHOOLWH SURGXFWV VKRZ ORZ
DJUHHPHQW FRHIILFLHQW RI GHWHUPLQDWLRQ   ZLWK UHIHUHQFH GDWDEDVH LQ WKH /HJDO EUD]LOLDQ $PD]RQ
7500%YKDVWKHEHVWSHUIRUPDQFHZLWKDFRUUHFWVDPSOLQJRIUDLQILHOGV,QDGGLWLRQDFDVHVWXG\VKRZV
WKDW VDWHOOLWH 43( HUURUV DUH ODUJHU LQ WKH IRUHVW LQFOXGLQJ WKH SURGXFW 0: 0:&20% )LQDOO\ WKH VDWHOOLWH














QD $PD]{QLD EUDVLOHLUD /HJDO 7500%Y WHP R PHOKRU GHVHPSHQKR FRP XPD DPRVWUDJHP FRUUHWD GD
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$$2   2VFLOODWLRQGHO¶$QWDUFWLTXH
$$6   $QWLF\FORQHGHO¶$WODQWLTXH6XG
$%/(%  $WPRVSKHUH%RXQGDU\/D\HU([SHULPHQW
$':   $QJXODUGLVWDQFHZHLJKWLQJ




$1$   $JrQFLD1DFLRQDOGDV$JXDV
$1((/  $JHQFH1DWLRQDOHGHO¶(QHUJLH(OHFWULTXH
$2   2VFLOODWLRQGHO¶$UFWLTXH
$33   $LUHVGHSURWHFWLRQSHUPDQHQWH
$36   $QWLF\FORQHGX3DFLILTXH6XG
$5$0,6  $SSOLFDWLRQ5DGDUjOD0pWpRURORJLH,QIUD6\QRSWLTXH
$9+55  $GYDQFHG9HU\+LJK5HVROXWLRQ5DGLRPHWHU
%5$06 %UD]LOLDQ GHYHORSPHQWV RQ WKH 5HJLRQDO $WPRVSKHULF 0RGHOOLQJ
6\VWHP
&$+   &ODVVLILFDWLRQDVFHQGDQWHKLpUDUFKLTXH
&$06  &OLPDWH$VVHVVPHQWDQG0RQLWRULQJ6\VWHP
















&3&   &OLPDWH3UHGLFWLRQ&HQWHU
&37(&  &HQWURGH3UHYLVmRGH7HPSRH(VWXGRV&OLPiWLFRV
&5(67  &RXSOHG5RXWLQJDQG([FHVV6WRUDJH
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(76   (TXLWDEOH7KUHDW6FRUH
(80(76$7 (XURSHDQ2UJDQLVDWLRQIRUWKH([SORLWDWLRQRI0HWHRURORJLFDO6DWHOOLWHV
(9,   ,QGLFHGHYpJpWDWLRQDPpOLRUp
(96   (UURU9DULDQFH6HSDUDWLRQ
)$2   )RRGDQG$JULFXOWXUH2UJDQL]DWLRQ
)$5   5DWLRGHIDXVVHGpWHFWLRQ
)%,   ,QGLFHGHIUpTXHQFHGHVELDLV
)RU7UD&&  )RUFDVWDQG7UDFNLQJWKH(YROXWLRQRI&ORXG&OXVWHUV
)29   )LHOG2I9LHZ
)5$   *OREDO)RUHVW5HVRXUFH$VVHVVPHQW
*$53  *OREDO$WPRVSKHULF5HVHDUFK3URJUDP
*$7(  *$53$WODQWLF7URSLFDO([SHULPHQW
*(2   6DWHOOLWHVJpRVWDWLRQQDLUHV
*+&1  *OREDO+LVWRULFDO&OLPDWRORJ\1HWZRUN
*/&  *OREDO/DQG&RYHU





*30   *OREDO3UHFLSLWDWLRQ0HDVXUPHQWV
*352)  *RGGDUGSURILOLQJDOJRULWKP
*60D3  *OREDO6DWHOOLWH0DSSLQJRI3UHFLSLWDWLRQ
+59   +LJK5HVROXWLRQ9LVLEOH
+6%   +XPLGLW\6RXQGHUIRU%UD]LO
,$6,   ,QWHUIpURPqWUH$WPRVSKpULTXHGH6RQGDJHSDUO
,QIUDURXJH
,&68  ,QWHUQDWLRQDO&RXQFLORI6FLHQWLILF8QLRQV







,5   ,QIUDURXJHV
,5'   ,QVWLWXWSRXUOD5HFKHUFKHHWOH'pYHORSSHPHQW
,6&&3  ,QWHUQDWLRQDO6DWHOOLWH&ORXG&OLPDWRORJ\3URMHFW
,652  ,QGLDQ6SDFH5HVHDUFK2UJDQL]DWLRQ




-0$   -DSDQ0HWHRURORJLFDO$JHQF\
-5&   -RLQW5HVHDUFK&HQWHU
/%$   /DUJH6FDOH%LRVSKHUH$WPRVSKHUH([SHULPHQWLQ$PD]RQLD






0+6   0LFURZDYH+XPLGLW\6RXQGHU
0,56  0LFURZDYH,QWHJUDWHG5HWULHYDO6\VWHP
02   0LFURRQGHV
02$  0LFURRQGHVDFWLYHV
02',6  0RGHUDWH5HVROXWLRQ,PDJLQJ6SHFWURUDGLRPHWHU
023   0LFURRQGHVSDVVLYHV









15/   1DYDO5HVHDUFK/DERUDWRU\
1:3   1XPHULFDO:HDWKHU3UHGLFWLRQ
2&6   6\VWqPHV&RQYHFWLIV2UJDQLVpV
200  2UJDQLVDWLRQ0pWpRURORJLTXH0RQGLDOH
25(+\%DP 7KH (QYLURQPHQWDO 5HVHDUFK 2EVHUYDWRU\  *HRG\QDPLFDO
K\GURORJLFDO DQG ELRJHRFKHPLFDO FRQWURO RI HURVLRQDOWHUDWLRQ DQG
PDWHULDOWUDQVSRUWLQWKH$PD]RQEDVLQ
26   2FFXSDWLRQGHVVROV
3&'V  3ODWHIRUPHGHFROOHFWHGHGRQQpHV
3')   3UREDELOOLW\'LVWULEXWLRQ)XQFWLRQ
3'2   2VFLOODWLRQGpFHQQDOHGX3DFLILTXH
3(+533  3URJUDPWR(YDOXDWH+LJK5HVROXWLRQ3UHFLSLWDWLRQ3URGXFWV
3(56,$11 3UHFLSLWDWLRQ (VWLPDWLRQ IURP 5HPRWHO\ 6HQVHG ,QIRUPDWLRQ XVLQJ
$UWLILFLDO1HXUDO1HWZRUN
3,3V   3UHFLSLWDWLRQ,QWHUFRPSDULVRQ3URMHFWV
32'   3UREDELOLWpGHGpWHFWLRQ
35   3UHFLSLWDWLRQ5DGDU
352'(6  3URJUDPDGH&DOFXORGR'HVIORUHVWDPHQWRQD$PD]RQLD
3529(*  3URMHWR9HJHWDomR
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43(   (VWLPDWLRQVTXDQWLWDWLYHVGHVSUpFLSLWDWLRQV
5$'$5  5DGLRGHWHFWLRQDQGUDQJLQJ
5$06  5HJLRQDO$WPRVSKHULF0RGHOLQJ6\VWHP
5)(   5DLQIDOO(VWLPDWH
506(  5RRW0HDQ6TXDUH(UURU
6&$035  6HOI&DOLEUDWLQJ0XOWLYDULDWH3UHFLSLWDWLRQ5HWULHYDO
6&0   6\VWqPHVFRQYHFWLIVGHPpVRpFKHOOH




606   6\QFKURQRXV0HWHRURORJLFDO6DWHOOLWH
62   6\VWqPHVG¶REVHUYDWLRQ
667   7HPSpUDWXUHVGHVXUIDFHRFpDQLTXH
7$06$7  7URSLFDO$SSOLFDWLRQVRI0HWHRURORJ\XVLQJ6$7HOOLWHDQGRWKHUGDWD
7$3((5  7URSLFDO$PRXQWRI3UHFLSLWDWLRQZLWKDQ(VWLPDWHRI(UURUV
7E   7HPSpUDWXUHGHEULOODQFH
7&,   750070,&RPELQHG,QVWUXPHQW
7,526  7HOHYLVLRQ,QIUD5HG2EVHUYDWLRQ
70   7KHPDWLF0DSSHU
703$  75000XOWLVDWHOOLWH3UHFLSLWDWLRQ$QDO\VLV







87&   &RRUGLQDWHG8QLYHUVDO7LPH
870   8QLYHUVDO7UDQVYHUVH0HUFDWRU
9,56  9LVLEOHDQG,QIUD5HG6FDQQHU
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DYHF GHV YROXPHV FRPSULV HQWUH  HW  PPDQ )LJXHLURD HW 1REUH  &HV
H[WUrPHV PRQWUHQW TX¶LO H[LVWH XQH IRUWH YDULDELOLWp VSDWLDOH GHV SOXLHV TXL GpSHQGHQW GH










(QRXWUH OHVPHVXUHVHW ODGpWHFWLRQGHV WDX[GHSOXLHH[WUrPHVDLQVLTXH OHVGXUpHV








GH SOXYLRPqWUHV QH SHUPHWWHQW SDV XQ VXLYL VSDWLRWHPSRUHO GHV SUpFLSLWDWLRQV /D
UHSUpVHQWDWLRQ GHV FKDPSV GH SOXLH SDU O¶RXWLO GH OD JpRVWDWLVWLTXH HVW SHX ILDEOH GDQV OHV
UpJLRQVROHUpVHDXSOXYLRPpWULTXHDXVROHVWSHXGHQVH/¶DSSRUWGHODWpOpGpWHFWLRQHVWDORUV
XQ DWRXW LQFRQWRXUQDEOH PDLV GH QRPEUHXVHV HUUHXUV G¶HVWLPDWLRQ TXDQWLWDWLYH GHV





0HDVXUPHQWV *30 $GDPV HW DO  XQH PXOWLWXGH GH VDWHOOLWHV PpWpRURORJLTXHV
WRXMRXUV SOXV SHUIRUPDQWV D pWp SODFpH HQ RUELWH /HV WHFKQLTXHV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQVXWLOLVHQWSULQFLSDOHPHQWOHVGRPDLQHVVSHFWUDX[,QIUDURXJHV,5HW0LFURRQGHV
SDVVLYHV023HWDFWLYHV02$GHVFDSWHXUVHPEDUTXpVjERUGGHVSODWHIRUPHV$YDQWOH
IXWXU ODQFHPHQW GX UDGDU *30 &RUH HQ  OD 7URSLFDO 5DLQIDOO 0HDVXULQJ 0LVVLRQ
75006LPSVRQHWDOHVWOHVHXOVDWHOOLWHjSURGXLUHGHVGRQQpHVUDGDUSRXUOHVXLYL
GHVSUpFLSLWDWLRQVGDQV ODFHLQWXUH WURSLFDOH'HQRPEUHXVHV WHFKQLTXHVRQWpWpGpYHORSSpHV
HQ XWLOLVDQW OHV HVWLPDWLRQV GpULYpHV G¶XQH RX SOXVLHXUV RQGHV pOHFWURPDJQpWLTXHV GHV
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GLIIpUHQWV VDWHOOLWHV PpWpRURORJLTXHV RSpUDWLRQQHOV /HXU pYDOXDWLRQ HVW UHQGXH GLIILFLOH SDU








$PD]RQLH EUpVLOLHQQH /pJDOH $ILQ GH UpSRQGUH j FHWWH SUREOpPDWLTXH TXDWUH D[HV GH
UHFKHUFKHVRQWGpYHORSSpVHWVXLYHQWXQHOLJQHGLUHFWULFHFRKpUHQWH









GX WDX[GHSOXLHDYHF OHVLJQDO UHoXSRXU O¶,5HW OHV023jEDVVHVIUpTXHQFHVRXHQFRUH OD
IDLEOHUpVROXWLRQWHPSRUHOOHGHVVDWHOOLWHVjRUELWHEDVVHHPEDUTXDQW OHVFDSWHXUV02SRVHQW
SUREOqPH /D OLWWpUDWXUH PRQWUHTXH OHV DOJRULWKPHVPXOWLFDQDX[ RXPXOWL VRXUFHVRQWGHV
HVWLPDWLRQV SOXV SURFKHV GHV SUpFLSLWDWLRQV UpHOOHV TXH FHOOHV GHV SURGXLWV PRQR VSHFWUDX[
&¶HVWSRXUTXRLGDQVFHWWH WKqVHRQXWLOLVHUDODFRPELQDLVRQGHVHVWLPDWLRQVSDU,5HW02j
WUDYHUVOHVSURGXLWV7500%Y+XIIPDQHWDO3(56,$11+VXHWDO




&H SURFHVVXV HVW FRQVWLWXp G¶XQ FRQWU{OH GH TXDOLWp GHV GRQQpHV SOXYLRPpWULTXHV DX VRO GH




(QVXLWH GH  j  SpULRGH GH GLVSRQLELOLWp FRPPXQH GHV SURGXLWV VDWHOOLWDLUHV
O¶REMHFWLIHVWGHFRPSDUHUTXRWLGLHQQHPHQWOHV43(SDUVDWHOOLWHDX[43(GHUpIpUHQFH'HV
DSSURFKHV VWDWLVWLTXHV TXDQWLWDWLYHV HW TXDOLWDWLYHV SHUPHWWHQW G¶DQDO\VHU OHV ELDLV HW OHV
LQFHUWLWXGHVGHVPHVXUHVSDUVDWHOOLWH/HVRUJDQLVDWLRQVGHVFKDPSVGHSOXLHGpWHFWpVSDUOHV
WURLVSURGXLWVVRQWPLVHVHQpYLGHQFHSDUO¶pWXGHGHOHXUVVWUXFWXUHVVSDWLDOHV6XUODEDVHGHV
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 
,QWURGXFWLRQJpQpUDOH
GHV 43( SDU VDWHOOLWH 3OXVLHXUV pWXGHV V¶DFFRUGHQW VXU OD GLIILFXOWp GH GpWHFWLRQ GHV
SUpFLSLWDWLRQVSDU02DXGHVVXVGHVVXUIDFHVWHUUHVWUHV)HUUDURHWDO.XPPHURZHW
DO  /¶pWDW HW O¶KXPLGLWp GHV VROV VRQW GHV WKpPDWLTXHV UpFHQWHV DILQ GH PLHX[
DSSUpKHQGHUOHVHUUHXUVG¶HVWLPDWLRQ/¶$PD]RQLHGHPHXUHSDUWLFXOLqUHPHQWLQWpUHVVDQWHSRXU
FHJHQUHG¶DQDO\VHV/¶pWXGHGH O¶LQIOXHQFHGH O¶26VXU OHVHUUHXUVGHV43(SDUVDWHOOLWHHQ
$PD]RQLH PpULGLRQDOH HVW XQ GHV REMHFWLIV GH FHWWH WKqVH /HV UHFKHUFKHV SHXYHQW DLQVL
DSSRUWHUGHV pYDOXDWLRQV LPSRUWDQWHVTXDQW DX[XWLOLVDWLRQVGH ODYDULDEOHSUpFLSLWDWLRQGDQV
OHVPRGqOHVGHFKDQJHPHQWFOLPDWLTXHLPSOLTXDQWQRWDPPHQWOHVHIIHWVGHODGpIRUHVWDWLRQ






SOXLHV VXU FH YDVWH HVSDFH JpRJUDSKLTXH /H SURGXLW VDWHOOLWDLUH &0253+ HVW UHWHQX SRXU
UpDOLVHU XQH FOLPDWRORJLH GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH GH  j  8QH
PpWKRGRORJLHGHFRUUHFWLRQGHVGRQQpHVVDWHOOLWDLUHVTXRWLGLHQQHVYLVHjDWWpQXHU OHVHUUHXUV
pYDOXpHV GDQV OD YDOLGDWLRQ VWDWLVWLTXH (OOH GRLW DXVVL DPpOLRUHU O¶DQDO\VH FOLPDWRORJLTXH






5HQQHV&267(/ /LWWRUDO (QYLURQQHPHQW 7pOpGpWHFWLRQ *pRPDWLTXH  &OLPDW HW
2FFXSDWLRQGX6ROSDU7pOpGpWHFWLRQGH O¶8QLYHUVLWp5HQQHV ,, HW OD'LYLVmRGH6DWpOLWHV H
6LVWHPDV $PELHQWDLV '6$ GH O¶,QVWLWXWR 1DFLRQDO GH 3HVTXLVDV (VSDFLDLV ,13( j
&DFKRHLUD3DXOLVWDGDQVO¶(WDWGH6mR3DXOR'HX[VpMRXUVDX%UpVLOGHVL[PRLVHWXQDQRQW
SHUPLV GH VH IDPLOLDULVHU DYHF OHV WHFKQLTXHV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV SDU VDWHOOLWH
DXSUqVGH JpRVWDWLVWLFLHQV SK\VLFLHQV HWPpWpRURORJXHV VSpFLDOLVWHVGH FHWWHSUREOpPDWLTXH
(QRXWUHFHWWHpWXGHV¶LQWqJUHGDQVOHFDGUHGHWURLVSURJUDPPHVGHUHFKHUFKH

 /H SURJUDPPH LQWHUQDWLRQDO &+89$ &ORXG SURFHVVHV RI W+H PDLQ SUHFLSLWDWLRQ
V\VWHPVLQ%UD]LO$FRQWULE8WLRQWRFORXGUHVRO9LQJPRGHOLQJDQGWRWKH*30DSRXU
REMHFWLIVG¶DQDO\VHU OHVSURFHVVXV LQWHUQHVGHVQXDJHVHW OHVXLYLGXF\FOHGHYLHGHV
V\VWqPHV QXDJHX[ QRWDPPHQW GHV QXDJHV FKDXGV HW G¶DPpOLRUHU OD GpWHFWLRQ GHV
SUpFLSLWDWLRQV SDU VDWHOOLWH &H SURMHW HVW FRQVWLWXp GH PLVVLRQV VXU VHSW UpJLRQV GX
%UpVLO FDUDFWpULVpHV SDU GHV UpJLPHV GH SUpFLSLWDWLRQV GLIIpUHQWV /D ODUJH JDPPH
G¶LQVWUXPHQWV GH PHVXUH GpSOR\pH SHUPHWWUD GH FRQVWUXLUH XQH EDVH GH GRQQpHV
H[KDXVWLYH SRXU OD YDOLGDWLRQ GHV PHVXUHV GHV SUpFLSLWDWLRQV /H SURJUDPPH VSDWLDO
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 /HSURJUDPPHLQWHUQDWLRQDO863&2)(&8%FRRUGRQQpSDU3U9'XEUHXLOHW3U1
'H0HOOR8QLYHUVLWpGH6mR3DXOR863HVWXQSURMHWIUDQFREUpVLOLHQTXLpWXGLHOHV




 /H SURJUDPPH QDWLRQDO '85$0$= ILQDQFp SDU O¶$JHQFH 1DWLRQDOH GH OD
5HFKHUFKHYLVHjDQDO\VHUOHVGpWHUPLQDQWVJpRJUDSKLTXHVGpPRJUDSKLTXHVHWVRFLR
pFRQRPLTXHVGH ODGXUDELOLWpHQ$PD]RQLHEUpVLOLHQQH/DJHVWLRQGHV UHVVRXUFHVHQ
HDX VXU FH WHUULWRLUH HVW XQ HQMHX LPSRUWDQW HQ OLHQ DYHF OHV WURLV SLOLHUV GX
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 /HV FLUFXODWLRQV DWPRVSKpULTXHV V\QRSWLTXHV SURYRTXHQW OHV YDULDELOLWpV
VSDWLRWHPSRUHOOHV GHV SOXLHV VXU FH YDVWH WHUULWRLUH /H U{OH GH SKpQRPqQHV FOLPDWLTXHV
LQWHUDQQXHOV HQ OLHQ DYHF OHV WHPSpUDWXUHV GH VXUIDFH RFpDQLTXH 667 GRLW DXVVL rWUH
FRQVLGpUp /HV LQWHUDFWLRQV GH FHV SHUWXUEDWLRQV DYHF GHV V\VWqPHV SUpFLSLWDQWV ORFDX[ VRQW
GLIILFLOHVjPHVXUHU$O¶pFKHOOHGX%UpVLOOHUpVHDXG
LQVWUXPHQWVGHPHVXUHDXVROVWDWLRQV
PpWpRURORJLTXHV UDGDUV HWF SRVVqGH XQH GLVWULEXWLRQ VSDWLDOH WUqV LQpJDOH G
XQH UpJLRQ j
O
DXWUH (Q SOXV GH FHWWH GLVSDULWp VSDWLDOH LO H[LVWH XQH IRUWH YDULDELOLWp GH O
KLVWRULTXH GHV




$ILQGHSDOOLHU FHVGLIIpUHQWVSUREOqPHVVSDWLRWHPSRUHOV OD WpOpGpWHFWLRQHVWXQRXWLO
LQWpUHVVDQW DILQ G





DYDQFpHV WHFKQRORJLTXHV FRQVLGpUDEOHV /
DUFKLYDJH GHV GRQQpHV GH SUpFLSLWDWLRQV GpULYpHV
GHV PHVXUHV SDU O




OHV YDULDELOLWpV VSDWLRWHPSRUHOOHV GHV SUpFLSLWDWLRQV HQ $PD]RQLH EUpVLOLHQQH /HV V\VWqPHV
G¶REVHUYDWLRQ 62 FRQYHQWLRQQHOV HW QRQ FRQYHQWLRQQHOV FRXYUDQW OD ]RQH G¶pWXGHV VRQW
SUpVHQWpV 2Q UpSHUWRULH O
HQVHPEOH GHV VDWHOOLWHV PpWpRURORJLTXHV RSpUDWLRQQHOV HW OHV
SULQFLSHV JpQpUDX[ G
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$ O¶pFKHOOH JOREDOH  GHV SUpFLSLWDWLRQV RQW OLHX GDQV OHV UpJLRQV WURSLFDOHV &HV
GHUQLqUHV VRQWDXVVL OHV]RQHVGXJOREHTXL UHoRLYHQW ODSOXV IRUWH LQWHQVLWpGX UD\RQQHPHQW
VRODLUHSHQGDQWXQHDQQpH /HVG\QDPLTXHVDWPRVSKpULTXHV HWRFpDQLTXHVTXL UHGLVWULEXHQW
O¶H[FpGHQW GH O¶pQHUJLH UHoXH GDQV FHV UpJLRQV YHUV OHV ODWLWXGHV PR\HQQHV H[SOLTXHQW OHV
IRUWHVYDULDELOLWpVVSDWLRWHPSRUHOOHVGHVSUpFLSLWDWLRQVGDQVOHVWURSLTXHVH[3DJQH\
&HUWHVO¶$PD]RQLHSRVVqGHXQH[FpGHQWpQHUJpWLTXHQHWDQQXHOSURFKHGHFHOXLGHODFXYHWWH
FRQJRODLVH HQWUH  HW  ZDWWPð PDLV O¶RUJDQLVDWLRQ GHV PpFDQLVPHV SOXYLRJqQHV HVW
GLIIpUHQWH GX VFKpPD UHQFRQWUp HQ $IULTXH HW HQ $VLH 'XEUHXLO  /HV UpJLPHV GHV
SUpFLSLWDWLRQV VXU FHWWH YDVWH UpJLRQ VRQW GpWHUPLQpV SDU O¶DFWLRQ FRQMRLQWH G¶pYqQHPHQWV




'DQV FH FKDSLWUH DSUqV DYRLUSUpVHQWp VXFFLQFWHPHQW OH WHUULWRLUHG¶pWXGHV RQGpFULW
OHV IRQFWLRQQHPHQWV GHV FLUFXODWLRQV DWPRVSKpULTXHV V\QRSWLTXHV GH ODUJH pFKHOOH /HV
G\QDPLTXHV DWPRVSKpULTXHV LQWHUDQQXHOOHV VRQW H[SOLTXpHV DILQ GH PLHX[ FRPSUHQGUH OHV
YDULDWLRQVVSDWLRWHPSRUHOOHVGHVSUpFLSLWDWLRQVHQ$PD]RQLHEUpVLOLHQQH/HVFDUDFWpULVWLTXHV
GHV V\VWqPHV FRQYHFWLIV SULQFLSDX[ V\VWqPHVQXDJHX[SUpFLSLWDQWV DJLVVDQW VXU FHWWH UpJLRQ





/¶$PD]RQLH EUpVLOLHQQH SHXW rWUH GpILQLH VHORQ GHX[ OLPLWHV JpRJUDSKLTXHV GHV
OLPLWHVQDWXUHOOHVHWXQHOLPLWHDGPLQLVWUDWLYH
/DOLPLWHQDWXUHOOHHVWFDUDFWpULVpHSDUOHUpVHDXK\GURJUDSKLTXHGXIOHXYH$PD]RQHHW
VHV DIIOXHQWV TXL FRQVWLWXHQW OH %DVVLQ DPD]RQLHQ &HW HVSDFH JpRJUDSKLTXH G¶XQH YDVWH
VXSHUILFLHGHNPðV¶pWHQGVXUVL[SD\VGHO¶$PpULTXHGXVXGOD%ROLYLHOH%UpVLO
OD &RORPELH O¶(TXDWHXU OH 3pURX HW OH 9HQH]XHOD 'H SOXV 'URXOHUV  pYRTXH OHV
IURQWLqUHVGHO¶$PD]RQLHHQUHODWLRQDYHFO¶pWHQGXHGHVDIRUrW
/DOLPLWHDGPLQLVWUDWLYHGpILQLWOHWHUULWRLUHGHO¶$PD]RQLHEUpVLOLHQQH/pJDOHTXLDpWp
LQLWLDOHPHQW PLVH HQ SODFH HQ  HW D FRQQX SOXVLHXUV pYROXWLRQV &H WHUULWRLUH HVW
DFWXHOOHPHQWFRPSRVpGHTXDWUH(WDWVHQ$PD]RQLHRFFLGHQWDOH$PD]RQDV$0$FUH$&




/HV SUREOpPDWLTXHV GH GpYHORSSHPHQW VRFLRpFRQRPLTXH HW GHV SURMHWV GH
FRORQLVDWLRQ GH O¶$PD]RQLH PHQpV SDU OHV GLIIpUHQWV JRXYHUQHPHQWV EUpVLOLHQV DX SRXYRLU
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GHSXLV OHV DQQpHV  HW OHXU FRQVpTXHQFH VXU O¶HQYLURQQHPHQW VRQW ODUJHPHQW DQDO\VpHV
SDU OD FRPPXQDXWp VFLHQWLILTXH 'URXOHUV    'URXOHUV HW /H 7RXUQHDX








&OLPiWLFRV &37(& VRQW UpSHUWRULpHV SDU OLPLWH DGPLQLVWUDWLYH (Q RXWUH O¶DFFqV DX[
GRQQpHVKLVWRULTXHVGHV SD\V IURQWDOLHUV DX %UpVLO HVW UHODWLYHPHQWGLIILFLOH HW ODERULHX[ /H
SURMHW 7KH (QYLURQPHQWDO 5HVHDUFK 2EVHUYDWRU\  *HRG\QDPLFDO K\GURORJLFDO DQG
ELRJHRFKHPLFDO FRQWURO RI HURVLRQDOWHUDWLRQ DQG PDWHULDO WUDQVSRUW LQ WKH $PD]RQ EDVLQ
25(+\%DP UHOqYH OH GpIL GH FRQVWUXLUH XQH JUDQGH EDVH GH GRQQpHV SOXYLRPpWULTXHV j
O¶pFKHOOHGX%DVVLQ$PD]RQLHQPDLVGHVOLPLWDWLRQVWHOOHVTXHO¶KRPRJpQpLVDWLRQGHVGRQQpHV
KRUDLUHVGHVUHOHYpVHWFVHSRVHQW(VSLQR]D(VSLQR]DHWDO/DUHFKHUFKHGHV



















EUDQFKH DVFHQGDQWH GHV FHOOXOHV GH +DGOH\ FRUUHVSRQG j XQH ]RQH GH IRUWH FRQYHFWLRQ TXL
GpILQLWOD=&,7ILJXUH'DQVOHVKDXWHVFRXFKHVGHO¶DWPRVSKqUHRQREVHUYHXQH]RQHGH
GLYHUJHQFH TXL SHUPHW OD UHGLVWULEXWLRQ GH O¶pQHUJLH UHoXH GDQV OHV ]RQHV H[FpGHQWDLUHV
ODWLWXGHV pTXDWRULDOHV YHUV OHV ]RQHV GpILFLWDLUHV ODWLWXGHV VXEWURSLFDOHV VHORQ XQH
RULHQWDWLRQPpULGLHQQH'DQVOHVEDVVHVFRXFKHVGHO¶DWPRVSKqUHOHVDOL]pVGH1RUG(VWGDQV
O¶+pPLVSKqUH 1RUG HW FHX[ GH 6XG(VW GDQV O¶+pPLVSKqUH 6XG FRQYHUJHQW YHUV O¶pTXDWHXU
PpWpRURORJLTXH 5RXFRX  6HWWH  'XULHX[  5RQFKDLO HW DO  /D
SRVLWLRQGHOD=&,7HVWGpSHQGDQWHGHODSRVLWLRQGXVROHLOHWGHV667GHO¶RFpDQ$WODQWLTXHHW
H[SOLTXH OHV YDULDELOLWpV VDLVRQQLqUHV GHV SUpFLSLWDWLRQV HQ $PD]RQLH $LQVL HQ pWp KLYHU
DXVWUDO ORUVTXH O¶$WODQWLTXH 6XG HVW SOXV FKDXG IURLG TXH O¶$WODQWLTXH 1RUG OD =&,7 VH
GpSODFH HQ ODWLWXGH YHUV OH 6XG 1RUG GH O¶$PD]RQLH HW SURYRTXH GHV SUpFLSLWDWLRQV
LPSRUWDQWHV &HWWH PLJUDWLRQ HVW SOXV LPSRUWDQWH VXU OHV FRQWLQHQWV TXH VXU OHV RFpDQV
FDUDFWpULVpV SDU XQH LQHUWLH WKHUPLTXH $LQVL HQ pWp DXVWUDO j O¶LQWHUIDFH GH O¶2FpDQ
$WODQWLTXH HW GHV VXUIDFHV FRQWLQHQWDOHV GH O¶$PpULTXH GX 6XG WURSLFDOH VXUFKDXIIpHV





HW OHV DOL]pV GX 6XG(VW VRQW GpYLpV YHUV OH 6XG GX %UpVLO j FDXVH GH O¶DIIDLEOLVVHPHQW GH
O¶$QWLF\FORQH GH O¶$WODQWLTXH 6XG $$6 (VSLQR]D  /D FRQYHUJHQFH G¶DOL]pV HW GH
FLUFXODWLRQV H[WUDWURSLFDOHV IRUPHQW XQH EDQGH G¶LQVWDELOLWp HW G¶DLU KXPLGH DSSHOpH =&$6
ILJXUH&HWWHGHUQLqUHHVWXQH]RQHGHFRQYHUJHQFHRULHQWpHVHORQXQD[H1RUG2XHVW6XG
(VWLGHQWLTXHjFHOXLGXMHWVXEWURSLFDOGHEDVQLYHDX/RZ/HYHO-HW//-/DG\QDPLTXHGH
OD =&$6 YLVLEOH WRXWH O¶DQQpH HVW SOXV LQWHQVH GXUDQW OHV SULQWHPSV HW pWp DXVWUDX[ /D
SpQpWUDWLRQ GHV PDVVHV G¶DLU DWODQWLTXHV j O¶LQWpULHXU GX FRQWLQHQW HVW IDYRULVpH SDU OD
WRSRJUDSKLH GX SODWHDX EUpVLOLHQ HQWRXUp DX 1RUG SDU GHV UHOLHIV PRGHVWHV GHV *X\DQHV HW
VpSDUpHGX3DFLILTXHjO¶2XHVWSDUOD&RUGLOOqUHGHV$QGHV
/H //- VXEWURSLFDO DFWLI WRXWH O¶DQQpH HVW GpILQL FRPPH XQH FRPSRVDQWH GH OD
PRXVVRQVXGDPpULFDLQH0DUHQJRHWDO,OHVWFDUDFWpULVpSDUGHVIOX[GH1RUG2XHVW
G¶XQH DOWLWXGH GH  j  K3D 'RXJODV HW DO  YpKLFXODQW GHV PDVVHV G¶DLU WUqV
KXPLGHV SURYHQDQW GH O¶RFpDQ $WODQWLTXH HW GX 1RUG GH O¶$PD]RQLH YHUV OH 6XG GH
O¶$PD]RQLH HW OH %DVVLQ GH OD 3ODWD (VSLQR]D  (QILQ /HQWHUV DQG &RRN 
PRQWUHQWTXH OD FKDOHXU ODWHQWH LVVXHGH OD FRQYHFWLRQ HQ$PD]RQLHSURYRTXH OD IRUPDWLRQ
G¶XQV\VWqPHGHKDXWHVSUHVVLRQVjHQYLURQK3DDSSHOp+DXWHGH%ROLYLH
3HQGDQW O¶KLYHU DXVWUDO OD PLJUDWLRQ GH OD =&,7 YHUV OH 1RUG HQWUDvQH OHV IOX[ GH
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/HVSULQFLSDOHVFLUFXODWLRQVDWPRVSKpULTXHVGHODUJHpFKHOOHVRQWFDUDFWpULVpHVSDUXQ














/H FOLPDW GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH HVW GpSHQGDQW GHV PRGLILFDWLRQV
LQWHUDQQXHOOHVGHVFRQGLWLRQVDWPRVSKpULTXHVjODUJHpFKHOOHH[6RX]DHWDO5RQFKDLO
HW DO  /HV FHOOXOHV ]RQDOHV SHUPHWWHQW OD UHGLVWULEXWLRQ GH O¶pQHUJLH VHORQ XQ D[H
(VW2XHVW OHORQJGHO¶(TXDWHXU OHVFHOOXOHVGH:DONHUGX3DFLILTXHHWFHOOHGHO¶$WODQWLTXH
LQIOXHQWDLQVLVXUOHVSUpFLSLWDWLRQVHQ$PD]RQLH'DQVFHFKDSLWUHRQGpFULWOHVSKpQRPqQHV
TXL VH GpYHORSSHQW VXU O¶2FpDQ 3DFLILTXH (O 1LxR 6RXWKHUQ 2VFLOODWLRQ (162 /D 1LxD
6RXWKHUQ 2VFLOODWLRQ /162 HW VXU O¶2FpDQ $WODQWLTXH O¶RVFLOODWLRQ GH O¶$WODQWLTXH 1RUG






DWPRVSKpULTXH j O¶2XHVW DVVRFLpH j GH IRUWHV SUpFLSLWDWLRQV FRUUHVSRQG j OD EUDQFKH
DVFHQGDQWH GH OD FHOOXOH GH :DONHU /HV YHQWV HQ GLUHFWLRQ GH O¶(VW WUDQVSRUWHQW OHV PDVVHV
G¶DLUGDQVOHVFRXFKHVVXSpULHXUHVGHO¶DWPRVSKqUHMXVTX¶jO¶2XHVWGHO¶$PpULTXHGX6XG8Q
SKpQRPqQH GH VXEVLGHQFH GHVFHQWH G¶DLU IURLG HW VHF FDUDFWpULVH DORUV OD EUDQFKH
GHVFHQGDQWHGHODFHOOXOH]RQDOH&HWWHUpJLRQHVWUHQIRUFpHSDUODIRUWHDFWLYLWpFRQYHFWLYHVXU
OHFRQWLQHQW6XGDPpULFDLQTXLFUppXQHDXWUH]RQHGHVXEVLGHQFHHQ$WODQWLTXH
(Q SpULRGH (162 ILJXUH  OD WKHUPRFOLQH HVW SUHVTXH KRUL]RQWDOH /HV HDX[
FKDXGHVGHVXUIDFHVVHGpSODFHQWYHUVO¶(VWGHO¶2FpDQ3DFLILTXHWURSLFDOROHVWHPSpUDWXUHV
SHXYHQW rWUH  j & VXSpULHXUHV j OD QRUPDOH /H SKpQRPqQH (O 1LxR HVW DPSOLILp SDU
O¶DIIDLEOLVVHPHQWGHVDOL]pVTXLV¶H[SOLTXHSDUODGLPLQXWLRQGXFRQWUDVWHGHVWHPSpUDWXUHVGH
VXUIDFH GHV HDX[ HQWUH O¶(VW HW O¶2XHVW /D IDLEOH DFWLRQ GHV YHQWV SURYRTXH DORUV OH
UpFKDXIIHPHQW GH O¶HQVHPEOH GH O¶2FpDQ 3DFLILTXH WURSLFDO 'DQV FHV FRQGLWLRQV OHV
LQWHUDFWLRQV 2FpDQ$WPRVSKqUH PqQHQW j XQ DIIDLEOLVVHPHQW GH OD FHOOXOH GH :DONHU 2Q
REVHUYH OD PLJUDWLRQ GH FHOOXOHV FRQYHFWLYHV WUqV SOXYLRJqQHV YHUV O¶(VW GX 3DFLILTXH
(TXDWRULDO &H SKpQRPqQH HQWUDvQH DORUV XQH DXJPHQWDWLRQ GHV SUpFLSLWDWLRQV j O¶2XHVW GH
O¶$PpULTXHGX6XGHWOHXUGLPLQXWLRQHQ$PD]RQLH
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 
&KDSLWUH,QWURGXFWLRQDX[G\QDPLTXHVDWPRVSKpULTXHVDPD]RQLHQQHV
6XU O¶2FpDQ $WODQWLTXH OD 1$2 HVW GpILQLH SDU GHX[ SKDVHV G¶DQRPDOLHV GHV
FRQGLWLRQVDWPRVSKpULTXHVHWGHV667/DSKDVHSRVLWLYHHVWPDUTXpHSDUGHVEDVVHVHWKDXWHV





 (QILQ ,O IDXW VDYRLU TXH GHX[ PRGHV G¶RVFLOODWLRQ H[LVWHQW GDQV OHV UpJLRQV SRODLUHV
7KRPSVRQ DQG :DOODFH  7RXWHIRLV O¶2VFLOODWLRQ GH O¶$UFWLTXH $2 Q¶D SDV
G¶LQFLGHQFH GLUHFWH VXU O¶$PD]RQLH DORUV TXH O¶2VFLOODWLRQ GH O¶$QWDUFWLTXH $$2 HQ




(Q UpVXPp O¶(162 HW XQ GLS{OH $WODQWLTXH SRVLWLI GLS{OH QpJDWLI FRQWULEXHQW j OD
GLPLQXWLRQDXJPHQWDWLRQGHVSUpFLSLWDWLRQV/HVWHPSpUDWXUHVpOHYpHVGHODVXUIDFHGX1RUG
GH O¶RFpDQ $WODQWLTXH WURSLFDO &RVWD DQG )ROH\  LQIOXHQFHQW OHV UpJLPHV GH






/HV PpFDQLVPHV DWPRVSKpULTXHV G¶pFKHOOH V\QRSWLTXH H[SOLTXHQW XQH SDUWLH GHV
YDULDELOLWpVLQWHUDQQXHOOHVHWVDLVRQQLqUHVGHVSUpFLSLWDWLRQVTXLVRQWHVVHQWLHOOHPHQWG¶RULJLQH




HW V¶RUJDQLVHQW HQ XQ V\VWqPH QXDJHX[ GH WDLOOH EHDXFRXS SOXV LPSRUWDQWH SUpVHQWDQW DLQVL
XQH VXUIDFHSOXYLHXVH LPSRUWDQWH ª )LROOHDX /H %DUEp HW /HEHO  HW0DFKDGR
SUpFLVHQWTXHODPDMHXUHSDUWLHGHODFRXYHUWXUHWRWDOHGHQXDJHVFRQYHFWLIVGHVUpJLRQV
WURSLFDOHVHVWRUJDQLVpHHQV\VWqPHVFRQYHFWLIVGHPpVRpFKHOOH6&0(Q$PD]RQLH*UHFR
HW DO  HQ XWLOLVDQW OHV GRQQpHV LVVXHV GX SURMHW $WPRVSKHUH %RXQGDU\ /D\HU
([SHULPHQW $%/(% PRQWUHQW TXH OHV 6&0 FRQWULEXHQW j SOXV GH  GHV YROXPHV




7RXWHIRLV GH QRPEUHX[ W\SHV GH 6&0 VRQW UHOHYpV OHV &RPSOH[HV &RQYHFWLIV GH 0pVR
pFKHOOH0&&OHV6\VWqPHV&RQYHFWLIV2UJDQLVpV2&6OHVV\VWqPHVFRQYHFWLIVHQIRUPH
GH9HWF/DYDVWHEDQGHGHQXDJHVHVWFRQVWLWXpHG¶XQHUpJLRQFRQYHFWLYHDYHFG¶LPSRUWDQWV
FXPXORQLPEXV RUDJHX[ GRQW O¶DOWLWXGH PD[LPDOH HVW GH  NP HW GHV VWUDWLIRUPHV
SUpFLSLWDQWV +RX]H0F$QHOO\ HW&RWWRQ+RX]H/DSDUWLH VWUDWLIRUPH
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
UpVXOWHHQSDUWLHGHODGLVVLSDWLRQGHVFHOOXOHVFRQYHFWLYHVHWSURGXLWGHVSUpFLSLWDWLRQVPRLQV
IRUWHVTXHGDQV OHV UpJLRQV FRQYHFWLYHV)LROOHDX  H[SOLTXHTXH ©OD UHODWLRQ HQWUH OD
SDUWLHFRQYHFWLYHHWVWUDWLIRUPHG¶XQ6&0YDULHDXFRXUVGHVRQF\FOHGHYLHHWHVWDLQVLXQ
LQGLFDWHXUGHVDG\QDPLTXHLQWHUQHª/HF\FOHGHYLHGHV6&0HVWFRPSRVpGHWURLVSKDVHV
XQH SKDVH G¶LQLWLDWLRQ TXL FRUUHVSRQG DX GpFOHQFKHPHQW GH OD FRQYHFWLRQ XQH SKDVH GH
PDWXULWpORUVGHODIRUPDWLRQG¶XQHODUJHUpJLRQVWUDWLIRUPHLVVXHGHODGLVVLSDWLRQGHODUpJLRQ
FRQYHFWLYH HW XQHSKDVHGHGLVVLSDWLRQ FDUDFWpULVpHSDU OD ILQGXGpYHORSSHPHQWGH FHOOXOHV
FRQYHFWLYHV 8Q pWDW GH O¶DUW GH O¶REVHUYDWLRQ GHV 6&0 SDU VDWHOOLWH HVW GLVSRQLEOH GDQV OD
WKqVHGH)LROOHDX
'LIIpUHQWHV WHFKQLTXHV GH GpWHFWLRQ HW GH VXLYL GHV 6&0 RQW pWp GpYHORSSpHV (Q
$PpULTXH GX 6XG O¶DOJRULWKPH )RUFDVW DQG 7UDFNLQJ WKH (YROXWLRQ RI &ORXG &OXVWHUV
)RU7UD&& HVW XQH WHFKQLTXH RSpUDWLRQQHOOH HQ TXDVL WHPSV UpHO TXL SHUPHW G¶REWHQLU
O¶pYROXWLRQ VSDWLRWHPSRUHOOH GHV V\VWqPHV FRQYHFWLIV 0DFKDGR HW DO  9LOD HW DO
/DGpWHFWLRQGHVV\VWqPHVFRQYHFWLIVHVWUpDOLVpHjSDUWLUG¶XQHWHFKQLTXHSDUVHXLOODJH
HQ WHPSpUDWXUH GH EULOODQFH SDU O¶,5 $ O¶pFKHOOH GX 0DWR *URVVR )XQDWVX HW DO 
DQDO\VHQWO¶DFWLYLWpFRQYHFWLYHjSDUWLUGHGRQQpHV02
/HVRUDJHVFHOOXODLUHVFDUDFWpULVHQW OH VHFRQG W\SHGHFRQYHFWLRQ$XQHpFKHOOHSOXV
ILQHOHF\FOHGLXUQHHWOHVFRQGLWLRQVG¶LQVWDELOLWpORFDOHH[SOLTXHQWODIRUPDWLRQGHVV\VWqPHV





(Q$PD]RQLH OD WHQHXU HQYDSHXUG¶HDXGHV V\VWqPHVFRQYHFWLIVSHXWrWUHG¶RULJLQH
PDULWLPH pYDSRUDWLRQ GHV RFpDQV RX WHUUHVWUH pYDSRUDWLRQ GHV VXUIDFHV HQ HDX HW
WUDQVSLUDWLRQ GHV IRUrWV 0ROLRQ  /HV VXUIDFHV IRUHVWLqUHV RQW XQ LPSDFW GLIILFLOH j
PHVXUHUVXUOHVYDULDELOLWpVVSDWLRWHPSRUHOOHVGHVSUpFLSLWDWLRQV'XULHX[H[SOLTXHTXH
OD IRUrW RPEURSKLOH IDYRULVH OD FRQYHFWLRQ GX IDLW GH VRQ IDLEOH DOEpGR GH VD IRUWH
pYDSRWUDQVSLUDWLRQ HW GH VD IRUWH UXJRVLWp 0DNDULHYD HW DO  HW 6KHLO HW 0XUGL\DUVR
 PRQWUHQW TXH OD IRUrW DPD]RQLHQQH HVW XQ PLOLHX TXL IDYRULVH OD FLUFXODWLRQ
DWPRVSKpULTXH GHV IOX[ PDULWLPHV YHUV O¶LQWpULHXU GX FRQWLQHQW (Q RXWUH VHORQ OHV DXWHXUV
(OWDKLUHW%UDV0ROLRQ0DUHQJR O¶pYDSRWUDQVSLUDWLRQTXLUHSUpVHQWH





QRPEUHX[DXWHXUVRQWPRQWUpTXH ODGpIRUHVWDWLRQ WURSLFDOHGH O¶$PD]RQLHSHXWDIIHFWHU OHV
WHPSpUDWXUHVGHVXUIDFHVGHVRFpDQVSURFKHVGHVUpJLRQVFRQVLGpUpHV$YLVVDUHW:HUWK
)HGGHPDHWDO1HHOLQHW6X9ROGRLUHHW5R\HU
/H SURJUDPPH /DUJH6FDOH %LRVSKHUH$WPRVSKHUH ([SHULPHQW LQ $PD]RQLD /%$
H[ 1HSVWDG HW DO  1REUH HW DO  /DXUDQFH HW DO    PqQH
DFWXHOOHPHQW GH QRPEUHXVHV UHFKHUFKHV VXU OHV LQWHUDFWLRQV HQWUH O¶DWPRVSKqUH HW OD IRUrW
DPD]RQLHQQH DYHF XQH DSSURFKH LQWHUGLVFLSOLQDLUH 'DQV FH FDGUH 'DYLGVRQ HW DO 

KWWSSLUDQGLUDFSWHFLQSHEUIRUWUDFF















IURLGV VRQW OHV SULQFLSDOHV G\QDPLTXHV DWPRVSKpULTXHV DJLVVDQW VXU OD UpJLRQ (Q RXWUH OHV
YDULDELOLWpV LQWHUDQQXHOOHV GHV FLUFXODWLRQV DWPRVSKpULTXHV WHOOHV TXH O¶(162 PRGLILHQW OHV
UpJLPHVGHSUpFLSLWDWLRQV/DPDMRULWpGHVV\VWqPHVSUpFLSLWDQWVRQWG¶RULJLQHFRQYHFWLYH/D
GpWHFWLRQ HW OH VXLYL GHV V\VWqPHV FRQYHFWLIV QRWDPPHQW GHV 6&0 VRQW GpWHUPLQDQWV SRXU
PLHX[ DSSUpKHQGHU OHV YDULDWLRQV VSDWLRWHPSRUHOOHV GHV SUpFLSLWDWLRQV (QILQ O¶LPSDFW GH OD
IRUrW DPD]RQLHQQH VXU OHV SOXLHV HW VHV pFKDQJHV DYHF O¶DWPRVSKqUH VRQW GpFLVLIV PDLV
GLIILFLOHVjPHVXUHU

/¶pWXGH GHV SUpFLSLWDWLRQV HVW SULPRUGLDOH SRXU OHV DSSOLFDWLRQV FOLPDWRORJLTXHV HW
K\GURORJLTXHV DOODQW GH O¶DQDO\VH G¶pYqQHPHQWV H[WUrPHV (VSLQR]D HW DO  j
O¶pYDOXDWLRQGHPRGqOHVDWPRVSKpULTXHVJOREDX[HWORFDX[GDQVXQFRQWH[WHGHUpFKDXIIHPHQW
FOLPDWLTXH&RRNHWDO&HSHQGDQWOHVPHVXUHVGHVSUpFLSLWDWLRQVVRQWSOXVRXPRLQV
FRPSOH[HV HW ILDEOHV VHORQ OHV LQVWUXPHQWV XWLOLVpV /H FKDSLWUH VXLYDQW HVW FRQVDFUp j OD
SUpVHQWDWLRQGHVGLIIpUHQWVV\VWqPHVG¶REVHUYDWLRQPLVjGLVSRVLWLRQ
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 /HV PHVXUHV GHV SUpFLSLWDWLRQV SHXYHQW rWUH UpDOLVpHV DYHF GLIIpUHQWV V\VWqPHV
G¶REVHUYDWLRQ62/HVGHX[SULQFLSDX[ W\SHVVRQW OHV62FRQYHQWLRQQHOVHW OHV62GHSXLV
O¶HVSDFH /HV 62 FRQYHQWLRQQHOV GH OD SOXLH VRQW OHV SOXYLRPqWUHV HW OHV UDGDUV
PpWpRURORJLTXHV$O¶pFKHOOHSODQpWDLUHO¶KLVWRULTXHODTXDOLWpHWODGHQVLWpGHVUpVHDX[GHFHV
LQVWUXPHQWV GH PHVXUH VRQW UHODWLYHPHQW LQpJDOHV G¶XQH UpJLRQ j O¶DXWUH DYHF GH UpHOOHV
GLIILFXOWpV G¶LPSODQWDWLRQ GDQV FHUWDLQHV UpJLRQV SRXU GHV UDLVRQV QDWXUHOOHV UpJLRQV
GpVHUWLTXHVIRUrWVGHQVHVHWFRXpFRQRPLTXHVUpJLRQVVRXVGpYHORSSpHV/H62VSDWLDOVH
GpYHORSSH DX JUp GHV DYDQFpHV WHFKQRORJLTXHV HW VFLHQWLILTXHV /HV FRRSpUDWLRQV
LQWHUQDWLRQDOHVHQWUH OHVGLIIpUHQWHVDJHQFHVVSDWLDOHVVRQWG¶XQH LPSRUWDQFHFUXFLDOHDILQGH
SRXYRLUVXLYUH OHVSUpFLSLWDWLRQVGHPDQLqUHHIILFDFH$ O¶pFKHOOHGH ODFHLQWXUH WURSLFDOH OD





 &H FKDSLWUH D SRXU REMHFWLI G¶LQWURGXLUH OHV FDUDFWpULVWLTXHV GHV GLIIpUHQWV 62 GHV










/H SUHPLHU UpVHDX LQWHUQDWLRQDO GH PHVXUHV SOXYLRPpWULTXHV GDWH GX ;9,,H VLqFOH HQ
(XURSH1HZHWDO/¶LQVWDOODWLRQGHGL[VWDWLRQVTXLDIRQFWLRQQpGHjHVW
O¶°XYUHGH)HUGLQDQG,,JUDQG'XFGH7RVFDQH5RFKDVDQG-DYHOOH'HQRVMRXUVOH
UpVHDX LQWHUQDWLRQDO GH SOXV GH  SOXYLRPqWUHV UHFRQQXV SDU O¶2UJDQLVDWLRQ
0pWpRURORJLTXH 0RQGLDOH 200 VHORQ GHV SDUDPqWUHV SUpFLV SRVVqGH XQH GLVWULEXWLRQ
VSDWLDOHWUqVKpWpURJqQH6HXOHVTXHOTXHVUpJLRQVGXPRQGHWHOOHVTXHO¶(XURSHHWO¶$PpULTXH
GX 1RUG VRQW GHQVpPHQW pTXLSpHV VXU OHV FRQWLQHQWV 6XU OHV RFpDQV RQ FRPSWH TXHOTXHV
FHQWDLQHV GH VWDWLRQV GLVSRVpHV VXU GHV vOHV HW GHV ERXpHV /HV UHSRUWV GHV GRQQpHV
SOXYLRPpWULTXHVFXPXOpHVPHQVXHOOHPHQWjO¶pFKHOOHSODQpWDLUHVRQWDUFKLYpVGDQVGLIIpUHQWV
FHQWUHV2QSHXWFLWHUOH*OREDO+LVWRULFDO&OLPDWRORJ\1HWZRUN*+&13HWHUVRQDQG9RVH
 OH &OLPDWH $VVHVVPHQW DQG 0RQLWRULQJ 6\VWHP &$06 OH *OREDO 3UHFLSLWDWLRQ
&OLPDWRORJ\&HQWHU*3&&5XGROIHWDOHWOH&OLPDWLF5HVHDUFK8QLW&581HZHW
DO
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
$X%UpVLOOHUpVHDXSOXYLRPpWULTXHHVWJpUpSULQFLSDOHPHQWSDUOHVRUJDQLVPHVVXLYDQWV





GHV YRLHV GH FRPPXQLFDWLRQ WHUUHVWUHV HW IOXYLDOHV /¶DQFLHQQHWp GHV VpULHV SOXYLRPpWULTXHV
HVW IRUWHPHQW OLpH DX GpYHORSSHPHQW GHV SURMHWV GH FRORQLVDWLRQ HW j O¶DYDQFpH GX IURQW
SLRQQLHU $LQVL GDQV OD SDUWLH PpULGLRQDOH GH O¶$PD]RQLH 6HWWH  HW 'XEUHXLO HW DO
 GpSORUHQW XQH ODFXQH LPSRUWDQWH GH GRQQpHV FOLPDWRORJLTXHV 'DQV OH FDGUH GX
SURJUDPPH 25(+\%$0 XQH EDVH GH GRQQpHV GH SOXV GH  SOXYLRPqWUHV D SX rWUH
UHFRQVWLWXpH j O¶pFKHOOH GX %DVVLQ $PD]RQLHQ DYHF OHV FRRSpUDWLRQV GH O¶,QVWLWXW SRXU OD
5HFKHUFKH HW OH 'pYHORSSHPHQW ,5' GH O¶$1((/ GH O




3&'V HVW LPSOpPHQWp SDU OH &37(&,13( ,O PHW j GLVSRVLWLRQ GHV GRQQpHV
PpWpRURORJLTXHV K\GURORJLTXHV HW HQYLURQQHPHQWDOHV GHVWLQpHV j GLIIpUHQWV XVDJHV







6mR 3DXOR /HV SODWHIRUPHV DX VRO VRQW FRQILJXUpHV SRXU HQYR\HU GHV GRQQpHV XWLOHV
G
HQYLURQE\WHV WRXWHV OHVV/HV VDWHOOLWHV UHoRLYHQW OHVGRQQpHV VXUGHX[EDQGHVGH














 SDU UDSSRUW DX SODQ RUELWDO 6&' (QILQ OH VDWHOOLWH &EHUV SODFp HQ RUELWH SRODLUH
HIIHFWXH  RX  SDVVDJHV SDU MRXU FDSWpV SDU OD EDVH SULQFLSDOH /HV GRQQpHV UHoXHV SDU OHV
EDVHVGH&XLDEiHWG
$OFDQWDUDVRQWHQVXLWH WUDQVPLVHVDX&HQWUHGH0LVVLRQGH&ROOHFWHGH
'RQQpHV &0&' j &DFKRHLUD 3DXOLVWD $SUqV WUDLWHPHQW OH &0&' PHW j GLVSRVLWLRQ FHV
GRQQpHVGDQVXQGpODLGHPLQDSUqVUpFHSWLRQ








'H PDQLqUH JpQpUDOH OHV REVHUYDWLRQV SOXYLRPpWULTXHV VRQW VWDQGDUGLVpHV DX PRLQV
GDQV XQ SD\V GRQQp DILQ GH SRXYRLU XWLOLVHU FHV GRQQpHV GH PDQLqUH XQLIRUPH $LQVL
SOXVLHXUV QRUPHV GRLYHQW rWUH UHVSHFWpHV SDU OHV JpUDQWV GHV UpVHDX[ WHOV TXH OH W\SH GH
PDWpULHO XWLOLVp (Q FOLPDWRORJLH RQ QRUPDOLVH OHV VpULHV WHPSRUHOOHV VXU WUHQWH DQV
&HSHQGDQWODILDELOLWpGHVFHVGRQQpHVVRQWUHPLVHVHQFDXVHSDUGHVIDFWHXUVTXLQHVRQWSDV
WRXMRXUV UHSRUWpV GDQV OHV PpWDGRQQpHV (Q )UDQFH 'XEUHXLO  VRXOLJQH TXH OHV
LQVWUXPHQWVGHPHVXUHVQHVRQWSDVDGDSWpVORUVG¶pYqQHPHQWVH[WUrPHVH[HPSOHG¶XQRUDJH
j1vPHVHQ(QRXWUHGHVFKDQJHPHQWVG¶DSSDUHLOVGHPHVXUHGHOLHXG¶LQVWDOODWLRQRX
HQFRUH GHV FRQGLWLRQV QDWXUHOOHV HWRX KXPDLQHV HQYLURQQDQWHV YpJpWDWLRQ EkWL LQWUXVLRQ
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G¶LQVHFWHV HWF SHXYHQW DOWpUHU OD FRQWLQXLWp GHV VpULHV G¶REVHUYDWLRQV SOXYLRPpWULTXHV 6XU
XQH YDVWH pWHQGXH FRPPH O¶$PD]RQLH EUpVLOLHQQH FRXYUDQW SOXVLHXUV EDQGHV 8QLYHUVDO
7UDQVYHUVH0HUFDWRU870RQSHXWV¶LQWHUURJHUVXUO¶XQLIRUPLWpGHVKRUDLUHVGHUHOHYpVGHV
YROXPHVSUpFLSLWpVGHSXLVOHGpEXWGHODPLVHHQSODFHGHVUpVHDX[





/HV UDGDUV DFURQ\PHV GH UDGLR GHWHFWLRQ DQG UDQJLQJ HQYRLHQW GHV RQGHV








GH FH GHUQLHU HVW REWHQXH j SDUWLU GH O
RULHQWDWLRQ GX UDGDU /HV UDGDUV PpWpRURORJLTXHV
XWLOLVHQW GHV FDSWHXUV DOODQW GH  j  *+] DYHF GHV EDQGHV GpOLPLWpHV SRXU FKDTXH
LQVWUXPHQW/DIUpTXHQFHGXFDSWHXUGpWHUPLQHOHVSURSULpWpVGHVK\GURPpWpRUHVREVHUYpHV
(Q WpOpGpWHFWLRQ RSWLTXH LO H[LVWH WURLV W\SHV GH GLIIXVLRQV DWPRVSKpULTXHV OD
GLIIXVLRQGHODJpRPpWULHRSWLTXHODGLIIXVLRQGH0LHHWODGLIIXVLRQGH5D\OHLJK







SODQH VXU XQH VSKqUH KRPRJqQH /
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 
&KDSLWUH/HVV\VWqPHVG¶REVHUYDWLRQGHVSUpFLSLWDWLRQV






















/HV UDGDUV PpWpRURORJLTXHV VRQW GHV V\VWqPHV G¶REVHUYDWLRQ GH OD SOXLH SDU
WpOpGpWHFWLRQ WUqV SHUIRUPDQWV PDLV LOV GHPDQGHQW XQ LQYHVWLVVHPHQW ILQDQFLHU HW XQ VDYRLU
IDLUH LPSRUWDQWV QRWDPPHQW SRXU OD FDOLEUDWLRQ GH O¶DSSDUHLO $ O¶pFKHOOH PRQGLDOH OD
GLVWULEXWLRQ VSDWLDOH GHV UpVHDX[ GH UDGDUV HVW WUqV LQpJDOH 2Q SHXW FLWHU OH UpVHDX 1H[W
*HQHUDWLRQ 5DGDU 1(;5$' DX[ (WDWV8QLV RX OH UpVHDX $SSOLFDWLRQ 5DGDU j OD
0pWpRURORJLH ,QIUD6\QRSWLTXH $5$0,6 HQ )UDQFH 3DUHQW GX &KkWHOHW  (Q 
YLQJWTXDWUHUDGDUVPpWpRURORJLTXHVFRXYUHQWODWRWDOLWpGXWHUULWRLUHIUDQoDLVFHTXLpTXLYDXW
j XQH GHQVLWp G
XQ UDGDU SRXU  NPð KWWSZZZPHWHRIUDQFHFRP $X %UpVLO RQ
UHOqYHYLQJWGHX[UDGDUVPpWpRURORJLTXHVRSpUDWLRQQHOVGRQWGL[VRQWORFDOLVpVHQ$PD]RQLH





/HV UDGLRPqWUHV FDSWHQW O




HVWjGLUH OD WHPSpUDWXUHTXHGHYUDLW DYRLUXQFRUSVQRLUSRXUSURGXLUHXQH
OXPLQDQFH pJDOH j FHOOH GX FRUSV QDWXUHO FRQVLGpUp SRXU XQH PrPH ORQJXHXU G¶RQGH /HV
UDGLRPqWUHV PHVXUHQW GHV LQIRUPDWLRQV TXL SHUPHWWHQW GH UpDOLVHU XQH FODVVLILFDWLRQ GHV
QXDJHV H[ ,QWHUQDWLRQDO 6DWHOOLWH &ORXG &OLPDWRORJ\ 3URMHFW ,6&&3 ,O HVW SRVVLEOH GH
GLVFULPLQHU OHV QXDJHV ILQV j WUqV pSDLV HW DXVVL OHV QXDJHV ILQV FKDXGV /HV UDGLRPqWUHV
LPDJHXUV GRQQHQW GHV LQIRUPDWLRQV SOXV pWHQGXHV VXU OD WHPSpUDWXUH O
RSDFLWp RSWLTXH OD
SUHVVLRQ DX VRPPHW GHV QXDJHV HW O
pSDLVVHXU RSWLTXH GHV QXDJHV (QILQ FHW LQVWUXPHQW GH
PHVXUH QH GRQQH DXFXQH LQGLFDWLRQ VXU OD VWUXFWXUH YHUWLFDOH GHV QXDJHV 'DQV OH FDGUH GX









)LJXUH  3KRWRJUDSKLH GX UDGLRPqWUH $'0,5$5, XWLOLVp ORUV GH OD FDPSDJQH &+89$*30 j
$OFDQWDUD0$HQ






/H V\VWqPH G¶REVHUYDWLRQ GHV SUpFLSLWDWLRQV SDU VDWHOOLWH HVW FDUDFWpULVp SDU XQH
UpVROXWLRQ VSDWLDOH XQH UpVROXWLRQ  WHPSRUHOOH HW OH GRPDLQH VSHFWUDO GH OD PHVXUH GH
O¶LQVWUXPHQWHPEDUTXp&HVFDUDFWpULVWLTXHVGpSHQGHQWGXFDSWHXUGHO¶DOWLWXGHHWGHO¶RUELWH
GH OD SODWHIRUPH 'DQV FH WUDYDLO RQ GpILQLW OH V\VWqPH G¶REVHUYDWLRQ VDWHOOLWDLUH SDU OD
FRPELQDLVRQ µ6DWHOOLWH&DSWHXU¶ H[HPSOH 750070, &KDTXH FDSWHXU HQUHJLVWUH OHV
VLJQDX[ GDQV GHV EDQGHV pOHFWURPDJQpWLTXHV GRQQpHV ILJXUH  TXL SHUPHWWHQW GH GpWHFWHU
GLIIpUHQWHVSURSULpWpVGHVSUpFLSLWDWLRQVHWGHVQXDJHV
2Q SHXW GLYLVHU OHV VDWHOOLWHV PpWpRURORJLTXHV RSpUDWLRQQHOV HQ GHX[ FDWpJRULHV  OHV
VDWHOOLWHVJpRVWDWLRQQDLUHV *(2HW OHV VDWHOOLWHVj/RZ(DUWK2UELW /(2TXL LQFOXHQW OHV
VDWHOOLWHV j RUELWH SRODLUH .LGG HW DO  /D ILJXUH  SUpVHQWH OH UpVHDX PRQGLDO GHV
VDWHOOLWHVPpWpRURORJLTXHVRSpUDWLRQQHOVHQ

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 
&KDSLWUH/HVV\VWqPHVG¶REVHUYDWLRQGHVSUpFLSLWDWLRQV
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/HVVDWHOOLWHVJpRVWDWLRQQDLUHV

 /HV VDWHOOLWHV *(2 VRQW SODFpV HQ RUELWH GDQV OH SODQ pTXDWRULDO GH OD 7HUUH j XQH
DOWLWXGH GH  NP /HXU YLWHVVH DQJXODLUH HVW LGHQWLTXH j FHOOH GH OD URWDWLRQ GX JOREH
WHUUHVWUH $LQVL SDU UDSSRUW j XQ SRLQW VXU OD 7HUUH FHV VDWHOOLWHV DSSDUDLVVHQW IL[HV &HV
GLIIpUHQWHV FDUDFWpULVWLTXHV OHXU SHUPHWWHQW G
DYRLU XQ )LHOG 2I 9LHZ )29 LPSRUWDQW HW
WRXMRXUV LGHQWLTXH GH OD VXUIDFH WHUUHVWUH &HSHQGDQW OHV ]RQHV SRODLUHV Q
DSSDUDLVVHQW SDV
GDQV OHXU )29 /H WDEOHDX  PRQWUH OHV ORFDOLVDWLRQV GHV VDWHOOLWHV *(2 DXGHVVXV GH
O
pTXDWHXU HW OHV ]RQHV JpRJUDSKLTXHV FRXYHUWHV /HV VDWHOOLWHV HQ EDFNXS QH VRQW SDV


























 /D SUHPLqUH JpQpUDWLRQ GHV VDWHOOLWHV PpWpRURORJLTXHV 0(7(26$7 PLVVLRQ SRXU
O
REVHUYDWLRQ GH O
DWPRVSKqUH WHUUHVWUH GpYHORSSpH SDU O¶(XURSHDQ 2UJDQLVDWLRQ IRU WKH
([SORLWDWLRQRI0HWHRURORJLFDO6DWHOOLWHV (80(76$7HVWFRPSRVpHGHVHSWVDWHOOLWHV/H
SUHPLHU D pWp ODQFp HQ QRYHPEUH  HW OH GHUQLHU 0(7(26$7 DFWXHOOHPHQW
RSpUDWLRQQHOOHIpYULHU0(7(26$76HFRQGH*HQHUDWLRQ06*HVWOHSOXVUpFHQW
GH OD VpULH 0(7(26$7 HW 0(7(26$7 7URLVLqPH *pQpUDWLRQ 07* HVW HQ FRXUV GH
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 
&KDSLWUH/HVV\VWqPHVG¶REVHUYDWLRQGHVSUpFLSLWDWLRQV
UpDOLVDWLRQ06* RX 0(7(26$7 D pWp ODQFp HQ 06*HQ  /HV VDWHOOLWHV
SOXVUpFHQWVVRQWFDUDFWpULVpVSDUXQHDPpOLRUDWLRQWHFKQRORJLTXHVLJQLILFDWLYHSDUUDSSRUWDX[
SUHPLqUHV JpQpUDWLRQV /H UDGLRPqWUH 6SLQQLQJ (QKDQFHG 9LVLEOH HW ,QIUD5HG ,PDJHU
6(9,5,SRVVqGHGHVUpVROXWLRQVWHPSRUHOOHVHWVSDWLDOHVUHVSHFWLYHPHQWGHPLQHWGH

























 /D VpULHGHV VDWHOOLWHVJpRVWDWLRQQDLUHVGH OD VpULH 076$7GpYHORSSpHSDU OD-DSDQ
0HWHRURORJLFDO $JHQF\ -0$ HVW FRQVpFXWLYH j OD VpULH *HRVWDWLRQDU\ 0HWHRURORJLFDO
6DWHOOLWH *06 VDWHOOLWHV ODQFpVGHj /H UDGLRPqWUH LPDJHXU HPEDUTXp VXU OHV
VDWHOOLWHV076$75HW076$7UHVSHFWLYHPHQWRSpUDWLRQQHOVGHjHWjSDUWLU
GHSRVVqGHFLQTFDQDX[UpIpUHQFpVGDQVOHWDEOHDX
$X QDGLU OHV UpVROXWLRQV VSDWLDOHV GX FDQDO GX YLVLEOH HW GHV FDQDX[ GDQV O
,5 VRQW
UHVSHFWLYHPHQWGHHWNP/DUpVROXWLRQWHPSRUHOOHHVWGHPLQ


















 /D VpULH GHV VDWHOOLWHV PpWpRURORJLTXHV *2(6 WDEOHDX  GpEXWpH HQ  SDU OH
ODQFHPHQWGX6\QFKURQRXV0HWHRURORJLFDO6DWHOOLWH606HVWGpYHORSSpHSDUOD1DWLRQDO
2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ 12$$ /HV WURLV VDWHOOLWHV DFWXHOOHPHQW
RSpUDWLRQQHOVQRYHPEUHHPEDUTXHQWWURLVW\SHVGHFDSWHXUV XQUDGLRPqWUHLPDJHXUGRQWOHVFDQDX[VRQWSUpVHQWpVGDQVOHWDEOHDX XQVRQGHXUjFDQDX[SHUPHWWDQWGHPHVXUHUGLIIpUHQWHVYDULDEOHVFOLPDWLTXHVWHOVTXH
OHVSURILOVDWPRVSKpULTXHVHQWHPSpUDWXUHHWKXPLGLWpODFRQFHQWUDWLRQG
R]RQHHWF XQ 6SDFH (QYLURQPHQW 0RQLWRU 6(0 FRQVWLWXp G














& HW & /D UpVROXWLRQ GX FDQDO & SDVVH GH  NP j  NP SRXU OHV VDWHOOLWHV *2(6 GH
WURLVLqPH JpQpUDWLRQ /HV UpVROXWLRQV WHPSRUHOOHV GH O
HQVHPEOH GH FHV VDWHOOLWHV HVW GH 
PLQ(QILQ*2(6HVWHQRUELWHGHSXLVMXLQPDLVjFHMRXULOHVWHQSKDVHGHWHVW






JOREDOGHVPDVVHVQXDJHXVHVGXJOREH WHUUHVWUH &HWWHGpWHFWLRQHVW UpDOLVpH HQ IOX[FRQWLQX
JUkFH j OHXU KDXWH UpVROXWLRQ WHPSRUHOOH &HSHQGDQW OHV FDQDX[ GHV LQVWUXPHQWV HPEDUTXpV
VRQW OLPLWpV DX 9,6 HW DX[ ,5 $LQVL O
DSSRUW GHV GRQQpHV LVVXHV GHV VDWHOOLWHV /(2 DYHF

KWWSZZZRVRQRDDJRYJRHVVWDWXV
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 
&KDSLWUH/HVV\VWqPHVG¶REVHUYDWLRQGHVSUpFLSLWDWLRQV







RUELWH VXLW OH GpSODFHPHQW DSSDUHQW GX 6ROHLO DXWRXU GH OD 7HUUH DYHF XQH
LQFOLQDLVRQG
HQYLURQjXQHDOWLWXGHHQWUHHWNP3RXUXQHDOWLWXGHGHNP

































/D 12$$ D GpYHORSSp XQH VpULH GH VDWHOOLWHV j GpILOHPHQW j RUELWH SRODLUH GHSXLV
 /H GpSKDVDJH GHV VDWHOOLWHV 12$$ RSpUDWLRQQHOV SHUPHW O
REVHUYDWLRQ G
XQH PrPH
SRUWLRQ GH OD 7HUUH TXDWUH IRLV SDU MRXU WRXWHV OHV VL[ KHXUHV HQYLURQ /H UDGLRPqWUH j






































GpULYHV GH SODVPD 3OXV G
LQIRUPDWLRQV VXU OHV FDSWHXUV VRQW GLVSRQLEOHV j
KWWSZZZQJGFQRDDJRYGPVSVHQVRUVKWPO






V\VWqPH 12$$ 2Q]H LQVWUXPHQWV VRQW HPEDUTXpV VXU OD SODWHIRUPH HW KXLW FDSWHXUV VRQW
XWLOLVpVGDQVOHGRPDLQHGHODPpWpRURORJLH/HUDGLRPqWUHLPDJHXU$9+55FRPPXQjFHX[
GHV FDSWHXUV 12$$ /


























/H SUHPLHU VDWHOOLWH GpGLp DX[ PHVXUHV GHV SUpFLSLWDWLRQV HVW LVVX GH OD 7500










3UHFLSLWDWLRQ 5DGDU 35 HVW j FH MRXU O
XQLTXH UDGDU HPEDUTXp VXU XQ VDWHOOLWH
PpWpRURORJLTXH &HW LQVWUXPHQW HVW FDSDEOH GH GpWHFWHU GH PDQLqUH ILDEOH OHV WDX[ GH
SUpFLSLWDWLRQV LQIpULHXUHV j  PPK &HV PHVXUHV SHUPHWWHQW G
HVWLPHU O
LQWHQVLWp OD
GLVWULEXWLRQ HW OH W\SH GH SUpFLSLWDWLRQV DLQVL TXH OD GpWHFWLRQ GHV RUDJHV HW OD WDLOOH GHV
FULVWDX[ GH JODFH (QILQ VRQ RUELWH QRQKpOLRV\QFKURQH SHUPHW GH VXLYUH XQ F\FOH GLXUQH
FRPSOHW /H FDSWHXU &ORXGV DQG WKH (DUWK









7HUUH HW GHV PHVXUHV RFpDQLTXHV HW DWPRVSKpULTXHV ,O HPEDUTXH FLQT LQVWUXPHQWV
RSpUDWLRQQHOVpWDQWGRQQpTXHOHVRQGHXU+XPLGLW\6RXQGHUIRU%UD]LO+6%GpYHORSSpSDU
O¶,13(HVWREVROqWH/HUDGLRPqWUH02$GYDQFHG0LFURZDYH6FDQQLQJ5DGLRPHWHUIRU(26
$065( PHVXUH OHV WHPSpUDWXUHV GH EULOODQFH j      HW 
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DWPRVSKpULTXH/H0RGHUDWH5HVROXWLRQ,PDJLQJ6SHFWURUDGLRPHWHU 02',6 LGHQWLTXHDX
FDSWHXUGXVDWHOOLWH7(55$SRVVqGHWUHQWHVL[FDQDX[GDQVOH9,6HW,5











FHV SODWHIRUPHV SOXVLHXUV DQWHQQHV GpGLpHV j OD GpWHFWLRQ GHV SOXLHV GDQV OH GRPDLQH GHV





HW HQ SURMHW HW GX VDWHOOLWH DPHULFDQRMDSRQDLV µOHDGHU¶ *30&25( &HWWH SODWHIRUPH
HPEDUTXH OH UDGLRPqWUH *30 0LFURZDYH ,PDJHU 1HZHOO HW DO  HW XQ UDGDU EL
IUpTXHQFHV
/H VDWHOOLWH 0HJKD7URSLTXHV GpYHORSSp SDU OH &HQWUH 1DWLRQDO G¶(WXGHV 6SDWLDOHV
&1(6HWO¶,QGLDQ6SDFH5HVHDUFK2UJDQL]DWLRQ,652IDLWSDUWLHGHFHWWHFRQVWHOODWLRQ,O
D pWp ODQFp OHRFWREUH VXUXQHRUELWH j NPG
DOWLWXGH /¶LQFOLQDLVRQGHSDU
UDSSRUW j O




6&$5$% j TXDWUH FDQDX[ GDQV OH 9,6 HW ,5 XQ LQVWUXPHQW GH UDGLRRFFXOWDWLRQV *36
*36526 /D UpVROXWLRQ WHPSRUHOOH HW OHV FDUDFWpULVWLTXHV GHV PHVXUHV SDU
0$'5$60HJKD7URSLTXHV SHUPHWWHQW G¶pWXGLHU OHV DFWLYLWpV FRQYHFWLYHV 5RFD HW DO
 $LQVL )LROOHDX DQG 5RFD D PRQWUHQW TXH O¶pFKDQWLOORQQDJH GHV PHVXUHV
UDSSURFKpHVGDQVOHWHPSVIDYRULVHO¶H[DPHQGXF\FOHGLXUQHGHVV\VWqPHVFRQYHFWLIV
)LQDOHPHQW &KDPERQ  SUpVHQWH XQH VLPXODWLRQ GH OD FRQVWHOODWLRQ *30 GDQV
OHV7URSLTXHV,OGpPRQWUHTXHODGHQVLWpG¶REVHUYDWLRQVSDU02SHUPHWGHVHUDSSURFKHUGH



















XQHERQQHFRXYHUWXUHVSDWLDOHGX WHUULWRLUHpWXGLp7RXWHIRLVj WUDYHUV OHXUJUDQGHGLYHUVLWp
FKDTXH VDWHOOLWH PpWpRURORJLTXH SRVVqGH GHV UpVROXWLRQV VSDWLRWHPSRUHOOHV SURSUHV HQ OLHQ
DYHF FHV FDUDFWpULVWLTXHV RUELWDOHV &HV GHUQLqUHV LQIOXHQFHQW DXVVL OHV SURSULpWpV
pOHFWURPDJQpWLTXHV GHV FDQDX[ /D FRQVWHOODWLRQ *30 SHUPHWWUD GDPpOLRUHU OHV WHFKQLTXHV
GHVWLPDWLRQGHVSUpFLSLWDWLRQVDYHFHQSDUWLFXOLHU OH ODQFHPHQWGXQUDGDUHWXQH UpVROXWLRQ
WHPSRUHOOHGHVFDSWHXUV02DPpOLRUpH
/H FKDSLWUH VXLYDQW YLVH j GpFOLQHU OHV GLIIpUHQWV SULQFLSHV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV GpULYpV GHV GLIIpUHQWHV EDQGHV VSHFWUDOHV GHV VDWHOOLWHV PpWpRURORJLTXHV
SUpVHQWpVSUpFpGHPPHQW
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'pEXWp HQ  OH *OREDO $WPRVSKHULF 5HVHDUFK 3URJUDP *$53 PHQp SDU
O¶2UJDQLVDWLRQ0RQGLDOHGH OD0pWpRURORJLH 002HW O¶,QWHUQDWLRQDO&RXQFLO RI 6FLHQWLILF
8QLRQV ,&68 D SRXU REMHFWLIV GH PLHX[ DSSUpKHQGHU OHV FLUFXODWLRQV DWPRVSKpULTXHV HW
G¶DPpOLRUHU OHV WHFKQLTXHV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV (Q  ORUV GX *$53 $WODQWLF
7URSLFDO([SHULPHQW*$7(OHVSUHPLqUHVPHVXUHVGHVSUpFLSLWDWLRQVGpULYpHVGHVFDSWHXUV
GHV VDWHOOLWHVPpWpRURORJLTXHV VRQW pYDOXpHV(Q PpWpRURORJLH VSDWLDOH VXLYDQW OD IUpTXHQFH




OH QXDJH 02 &HV GRQQpHV G¶HQWUpH GDQV OHV WHFKQLTXHV G¶HVWLPDWLRQV GHV SUpFLSLWDWLRQV
SHXYHQWrWUHXWLOLVpHVVpSDUpPHQWRXFRPELQpHV'DQVFHGHUQLHUFDVRQSDUOHGHWHFKQLTXHV
G¶HVWLPDWLRQVGHVSUpFLSLWDWLRQVPXOWLVRXUFHV'HQRPEUHX[DOJRULWKPHVVRQWUpSHUWRULpVGDQV
.LGGHU HW +DDU  /HYL]]DQL HW DO  .LGG HW DO HW .LGG DQG +XIIPDQ


2Q SUpVHQWH LFL OHV GLIIpUHQWHV PpWKRGHV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV GpULYpHV GX
YLVLEOH HW GHV ,5HW HQVXLWHGHV023 3RXU FKDTXHGRPDLQH VSHFWUDO RQ VH IRFDOLVH VXU OHV






 /HV GRPDLQHV GX 9,6 HW GH O¶,5 RQW GHV ORQJXHXUV G¶RQGH HQ ȝP FRPSULVHV




XQH UHODWLRQ HQWUH OHV QXDJHV pSDLV HW OHV VXUIDFHV SUpFLSLWDQW HVW pWDEOLH /HV FDQDX[ 9,6
SHUPHWWHQW DXVVL GH GpWHUPLQHU OH W\SH GH QXDJHV 8Q VRPPHW GH QXDJHV UXJXHX[ HVW
FDUDFWpULVWLTXH GHV QXDJHV j IRUWH DVFHQGDQFH DORUV TXH OHV QXDJHV j VRPPHWV OLVVHV
GpILQLVVHQWOHVVWUDWXV/H3URFKH,QIUD5RXJH3,5DSSRUWHGHVLQIRUPDWLRQVVXUODWDLOOHHWOD
SKDVHVROLGHRXOLTXLGHGHVSDUWLFXOHVGHVVRPPHWVGHVQXDJHV,OIRXUQLWDXVVLGHVpOpPHQWV
VXU OHV DpURVROV/¶LQFRQYpQLHQWGHVGpWHFWLRQVSDU OH 9,6 HW OH3,5HVW ODGpSHQGDQFHDX[
UD\RQQHPHQWVVRODLUHV

 /¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV SDU ,5 HVW EDVpH VXU OHV PHVXUHV GH WHPSpUDWXUH DX
VRPPHWGHVQXDJHVIRXUQLHVQXLWHWMRXU2QUHWLHQWOHIDLWTXHSOXVOHVRPPHWGHVQXDJHVHVW
IURLG HW SOXV OHV WDX[ GHV SUpFLSLWDWLRQV VRQW LPSRUWDQWV &HSHQGDQW FHWWH UHODWLRQ HQWUH OD
WHPSpUDWXUH GHV VRPPHWV GHV QXDJHV HW WDX[ GH SUpFLSLWDWLRQV YDULH VHORQ OHV UpJLPHV
FOLPDWLTXHVHW OHV V\VWqPHVSOXYLHX[(QWUHHWPLFURPqWUHV OHVFDQDX[GHYDSHXUG¶HDX
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PHVXUHQWODYDSHXUG¶HDXjPLDWPRVSKqUHHWHQUHJLVWUHQWOHVWUDFHXUVSRXUREVHUYHUOHVYHQWV
DWPRVSKpULTXHV /HV FDQDX[ GH O¶,5 WKHUPLTXH SHUPHWWHQW GH UpGXLUH OHV HIIHWV
DWPRVSKpULTXHVSRXUOHVPHVXUHVGHVWHPSpUDWXUHVGHVXUIDFHVWHUUHVWUHVHWGHVVRPPHWVGHV
QXDJHV &HV EDQGHV VSHFWUDOHV VRQW pJDOHPHQW XWLOLVpHV SRXU pWXGLHU O¶LQVWDELOLWp
DWPRVSKpULTXH
 /H *RHV3UHFLSLWDWLRQ ,QGH[ *3,GpFULW SDU$UNLQ DQG0HLVQHU  HVW XQHGHV
PpWKRGHV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV GpULYpHV GH O¶,5 OD SOXV FRQQXH /D SURFpGXUH
G
HVWLPDWLRQHVWREWHQXHHQPXOWLSOLDQW ODVXUIDFHFRXYHUWHSDUOHVQXDJHVjVRPPHWVIURLGV
SDU ODSpULRGHHW OH WDX[GHSUpFLSLWDWLRQV/HVVXUIDFHVFRXYHUWHVSDU OHVQXDJHVjVRPPHWV
IURLGV VRQW GpWHUPLQpHV SDU OH SRXUFHQWDJH GHV SL[HOV GH OD JULOOH VDWHOOLWDLUH DYHF XQH
WHPSpUDWXUHGHEULOODQFH 7EGDQV O¶,5 LQIpULHXUHDXVHXLOGH.(OOHV VRQWPR\HQQpHV
SHQGDQW ODSpULRGHG
REVHUYDWLRQKHXUH/DFRQVWDQWHGHSUpFLSLWDWLRQVHVWGHPPK/D
YDOHXU GX VHXLO GH OD 7E OD WDLOOH GH OD JULOOH HW OD YDOHXU GH OD FRQVWDQWH GX WDX[ GH








/¶pWXGH GHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV SDU VDWHOOLWH HQ $IULTXH FRQQDvW GHV
pYROXWLRQV GHSXLV GH QRPEUHXVHV DQQpHV /H JURXSH 7URSLFDO $SSOLFDWLRQV RI 0HWHRURORJ\
XVLQJ 6$7HOOLWH DQG RWKHU GDWD 7$06$7 GH O¶8QLYHUVLWp GH 5HDGLQJ DX 5R\DXPH8QL
&KDGZLFN HW DO  GpYHORSSH XQ SURGXLW j O¶DLGH GHV GRQQpHV ,5 WKHUPLTXH GH
0(7(26$7 &HWWH PpWKRGH XWLOLVH GHV GXUpHV GH QXDJHV j VRPPHWV IURLGV FXPXOpHV HQ
DQJODLV &ROG&ORXG'XUDWLRQ &&' VXU XQH SpULRGH GRQQpH HQ VXSSRVDQW XQH UHODWLRQ
OLQpDLUH HQWUH OHV WDX[ GH SUpFLSLWDWLRQV HW OD GpWHFWLRQ GHV SL[HOV GH OD JULOOH VDWHOOLWDLUH




GHV pTXLSHV GX &HQWUH GH FRRSpUDWLRQ LQWHUQDWLRQDOH HQ UHFKHUFKH DJURQRPLTXH SRXU OH
GpYHORSSHPHQW &,5$'HWGH O¶,QVWLWXWGH5HFKHUFKH$JURQRPLTXH ,15$ 1HJUHWHWDO
jFRQVLGpUHUGHVGRQQpHVWHOOHVTXHODWHPSpUDWXUHDXVRODILQG¶DPpOLRUHUOHVUpVXOWDWV
G¶HVWLPDWLRQ/
pTXLSH2UVWRPGH/DQQLRQ &DUQHWDO DPpOLRUH FHV UHFKHUFKHV HQ \
LQWpJUDQW ODWHPSpUDWXUHGHO¶DLU7RXWHIRLVGHQRPEUHXVHVHUUHXUVG¶HVWLPDWLRQSHUVLVWHQWHW
IDFHjXQPDQTXHGHGRQQpHVDXVROHQ$IULTXHGHO¶2XHVWRQDVVLVWHjODIRUPDWLRQGXUpVHDX















6(9,5, ,5HW GXSURGXLW UDGDUGH750035GDQVXQ UpVHDXQHXURQDO&HVGRQQpHVGH




K\GURHVWLPDWHXU HVW XQH DXWUH WHFKQLTXH GpULYpH GH O¶,5 ,O LQWqJUH OHV
FDUDFWpULVWLTXHVHWOHVVWUXFWXUHVGHVSUpFLSLWDWLRQVHQ$PpULTXHGX6XGDGDSWpGHODPpWKRGH
GpYHORSSpH DX 1DWLRQDO (QYLURQPHQWDO 6DWHOOLWH 'DWD DQG ,QIRUPDWLRQ 6HUYLFH 1(6',6
9LQFHQWH HW DO   &HWWH GHUQLqUH HVW FRQVWUXLWH VXU XQH UHODWLRQ H[SRQHQWLHOOH
HPSLULTXH HQWUH OD 7E PHVXUpH DX VRPPHW GHV QXDJHV j SDUWLU GHV GRQQpHV ,5 GX VDWHOOLWH
*2(6HQ*2(6±FDQDO/HWDX[GHSUpFLSLWDWLRQPHVXUpHQWHPSVUpHOHVWDMXVWp
HQ LQFOXDQW GHV SDUDPqWUHV WHOV TXH O
RURJUDSKLH O
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(Q UpVXPp OHV PHVXUHV LVVXHV GHV FDQDX[ GX 9,6 HW GH O¶,5 SUpVHQWHQW O¶DYDQWDJH
G¶DYRLUXQHERQQHIUpTXHQFHWHPSRUHOOH&HSHQGDQWO¶LQFRQYpQLHQWHVWTXHODUHODWLRQHQWUHOD
WHPSpUDWXUH GHV VRPPHWV GHV QXDJHV HW OHV WDX[ GH SUpFLSLWDWLRQV HVW LQGLUHFWH $LQVL GHV





)LJXUH ,OOXVWUDWLRQGH ODUpSDUWLWLRQGHVGLIIpUHQWV W\SHVGHVQXDJHV SUpFLSLWDQWVHWQRQSUpFLSLWDQWV
GDQVO¶DWPRVSKqUH












/HV LQWHUDFWLRQV HQWUH OHV UD\RQQHPHQWV HW OHV QXDJHV HW OHV SUpFLSLWDWLRQV VRQW
PDUTXpHV SDU O¶DEVRUSWLRQ QRQ UpVRQDQWH HW OD GLIIXVLRQ GHV K\GURPpWpRUHV GpILQLH SDU OD











GLVWULEXWLRQGX  UD\RQQHPHQW pOHFWURPDJQpWLTXH G¶XQFRUSVQRLU HQ IRQFWLRQGH OD ORQJXHXU











GH VXUIDFH UXJRVLWp HWF OD IUpTXHQFH GH SRODULVDWLRQ HW O¶DQJOH GH YLVpH /HV VXUIDFHV
WHUUHVWUHV VRQW FDUDFWpULVpHV SDU XQH UDGLDWLRQ pPLVH YDULDEOH G¶XQH VXUIDFH j O¶DXWUH HW SOXV
IRUWH TXH OHV VXUIDFHV HQ HDX GDQV OHV 023 /¶pQHUJLH pPLVH SDU OHV VXUIDFHV WHUUHVWUHV
pTXLYDXWJOREDOHPHQWj GH OHXU WHPSpUDWXUH UpHOOH/HXU pPLVVLYLWpHVW FRPSULVHHQWUH




/RUVTX¶LO \ D GHV QXDJHV HW GHV SUpFLSLWDWLRQV RQ D YX TXH OHV K\GURPpWpRUHV
SUpFLSLWDQWSUpVHQWHQWODSULQFLSDOHVRXUFHG¶DWWpQXDWLRQDWPRVSKpULTXHSDUOHXUDEVRUSWLRQHW
GLIIXVLRQ GHV UD\RQQHPHQWV /HV JRXWWHV GH SOXLH VRXUFH G¶DEVRUSWLRQ pPHWWHQW XQH
WHPSpUDWXUH pJDOH j OHXU WHPSpUDWXUH UpHOOH $LQVL OHV UDGLRPqWUHV 023 HQUHJLVWUHQW XQH
VFqQH R OHV VXUIDFHV SUpFLSLWDQWHV VRQW µSOXV FKDXGHV¶ TXH OHV RFpDQV 3RXU OHV VXUIDFHV
WHUUHVWUHV LO DSSDUDvW SOXV GLIILFLOH GH GpWHFWHU OHV VXUIDFHV SUpFLSLWDQWHV SDU XQ PDQTXH GH
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FRQWUDVWHVXUODVFqQHHQUHJLVWUpHSDUOHFDSWHXU/HVLJQDOUHoXSDUO¶DEVRUSWLRQGHVJRXWWHVD
XQ OLHQ GLUHFW DYHF OD PHVXUH GX YROXPH G¶HDX 'DQV  OHV KDXWHV IUpTXHQFHV GHV 023 RQ
REVHUYHXQHIRUWHGLVSHUVLRQGDQVWRXWHVOHVGLUHFWLRQVGHVSDUWLFXOHVGHJODFHDVVRFLpHVjOD
IRUPDWLRQ GHV JRXWWHV GH SOXLH DX VRPPHW GHV QXDJHV 6HXOH XQH SDUWLH GX UD\RQQHPHQW
GLIIXVp SDU OD FRXFKH VXSpULHXUH GH OD JODFH HVW HQUHJLVWUpH SDU OH FDSWHXU /D UpGXFWLRQ GX
VLJQDOFDSWpSHUPHWDLQVLGHGLVFULPLQHU OHVVXUIDFHV WHUUHVWUHV µSOXVFKDXGHV¶HW OHVVXUIDFHV
SUpFLSLWDQWSOXVIURLGHV$LQVLODGpWHFWLRQGHVVXUIDFHVSUpFLSLWDQWHVHVWSRVVLEOHVXUWRXVOHV





DXJPHQWDWLRQ GHV WDX[ GH SOXLH /¶LQWHUDFWLRQ HQWUH OH VLJQDO UHoX SDU OH UDGLRPqWUH HW OHV
YROXPHV SUpFLSLWpV HVW LQGLUHFWH PDLV OD PHVXUH HVW SRVVLEOH VXU WRXV OHV W\SHV GH VXUIDFHV
3RXUOHVEDVVHVIUpTXHQFHVODPHVXUHGHVWDX[GHSUpFLSLWDWLRQVHVWSURSRUWLRQQHOOHDXVLJQDO
FDSWpPDLVODGpWHFWLRQGHVVXUIDFHVSUpFLSLWDQWHVWGLIILFLOHVXUOHVVXUIDFHVWHUUHVWUHV$
*+] OD7EDWWHLQWXQH VDWXUDWLRQSRXU OHV IRUWV WDX[GHSOXLH$*+]RQREVHUYHXQH
GLPLQXWLRQGHV7ESRXU OHVIRUWV WDX[GHSOXLHFDUHQSOXVGHO¶DEVRUSWLRQSDUOHVJRXWWHV LO
H[LVWHXQHGLIIXVLRQSDUODJODFH

(Q FRQFOXVLRQ OHV PHVXUHV GHV SUpFLSLWDWLRQV SDU 023 SHUPHWWHQW G¶pWXGLHU OHV









UDGLRPqWUH 7RXWHIRLV OD UpVROXWLRQ VSDWLDOH GX SL[HO GLPLQXH DYHF O¶DXJPHQWDWLRQ GHV
IUpTXHQFHVjFDXVHGHODWDLOOHGHO¶DQWHQQHGHVUDGLRPqWUHVSRXUWRXVOHVFDSWHXUV3RXUXQH
PrPHIUpTXHQFH OD WDLOOHGXSL[HOYDULHG¶XQ UDGLRPqWUHj O¶DXWUH &KDPERQ SUpFLVH
DORUVTXH©SRXUXQSL[HOPLFURRQGHVGRQQpO¶HVWLPDWLRQGHWDX[GHSOXLHPXOWLVSHFWUDOHHVW













rWUHJOREDOHPHQWGLYLVpHVHQGHX[FDWpJRULHV .LGGHWDO OHV WHFKQLTXHVHPSLULTXHV
TXLFDOLEUHQWOHVREVHUYDWLRQV02DYHFGHVGRQQpHVGHVXUIDFHH[*URG\$GOHUHWDO
  )HUUDUR HW DO  %LVFDUR HW 0RUDOHV  HW GHV WHFKQLTXHV SK\VLTXHV





SUpFLSLWDQWV 3DUPL OHV PpWKRGHV SK\VLTXHV OH *RGGDUG SURILOLQJ DOJRULWKP *352)
.XPPHURZHWDOUHVWLWXHOHVSURILOVGHVWUXFWXUHYHUWLFDOHGHVSUpFLSLWDWLRQVSDUXQH
DSSURFKH ED\pVLHQQH DILQ GH FRPSDUHU OHV 7E REVHUYpV DX[ 7E VLPXOpV SDU XQ PRGqOH GH
WUDQVIHUW UDGLDWLI G¶(GGLJWRQ .XPPHURZ  &H PRGqOH XWLOLVH HQ HQWUpH GHV SURILOV
G¶K\GURPpWpRUHVGpULYpVGHPRGqOHVGHGpWHFWLRQGHQXDJHV/HVSURILOVG¶K\GURPpWpRUHVGX
*352) SURGXLW 7500$ VRQW QRWDPPHQW XWLOLVpV SRXU GpWHFWHU OHV SOXLHV GDQV
O¶DOJRULWKPH (36$76* /¶DOJRULWKPH %5$,1 9LOWDUG HW DO  HVW GpULYp GH
O¶DOJRULWKPH *352) %5$,1 HVW EDVp VXU XQH EDVH GH GRQQpHV REVHUYpH j OD IRLV SDU OH
UDGLRPqWUH 70, HW SDU OH UDGDU 35 GX VDWHOOLWH 7500 &HWWH WHFKQLTXH D pYROXp HW D pWp
LPSOpPHQWpH SRXU OD PLVVLRQ 0HJKD7URSLTXHV 9LOWDUG HW DO  DILQ G¶LQWpJUHU OHV
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GRQQpHV 02 GpULYpHV GX UDGLRPqWUH 0$'5$6 8QH GHVFULSWLRQ GX SURGXLW %5$,1 HVW
DFFHVVLEOHGDQVODWKqVHGH&KDPERQ
(QVXLWH OD WHFKQLTXH VWDWLVWLTXH WKH 8QLYHUVLW\ RI 6mR 3DXOR SUREDELOLW\ DOJRULWKP
8V3URE %LVFDUR HW 0RUDOHV  XWLOLVH OHV GRQQpHV GX 750070, DILQ G¶HVWLPHU OHV






(QILQ SOXVLHXUV DXWUHV SURGXLWV 02 RQW pWp GpYHORSSpV $LQVL RQ SHXW FLWHU SDU







GLIIpUHQWV VDWHOOLWHV PpWpRURORJLTXHV RSpUDWLRQQHOV 'H QRPEUHX[ DOJRULWKPHV RQW pWp
FRQVWUXLWV SDU OHV GLIIpUHQWV FHQWUHV PpWpRURORJLTXHV &HSHQGDQW OD PLVH j GLVSRVLWLRQ HW OD
ILDELOLWpGHVGRQQpHV VRQW UHODWLYHPHQW YDULDEOHVG¶XQSURGXLWj O¶DXWUH ,FLRQSUpVHQWH OHV
SURGXLWV VDWHOOLWDLUHV XWLOLVpV GDQV OD SDUWLH  GH FHWWH WKqVH /HV DOJRULWKPHV 7500%






DOJRULWKPH7500%GpYHORSSpSDU OD1$6$ HVW XQSURGXLW G
HVWLPDWLRQGHV
SUpFLSLWDWLRQVLVVXGHODPLVVLRQ7500,OFRPELQHGHVGRQQpHVVDWHOOLWHVHWGHVGRQQpHVDX
VRO VXU OH VFKpPD GX 7500 0XOWLVDWHOOLWH 3UHFLSLWDWLRQ $QDO\VLV 703$ +XIIPDQ HW DO




GRQQpHV02GHV VDWHOOLWHV /(2750070, $48$$065('063660, HW$068%
&HV HVWLPDWLRQV VRQW FDOLEUpHV j SDUWLU GHV SDUDPqWUHV PHQVXHOV GX 750070, &RPELQHG




SUpFLSLWDWLRQV IXVLRQQpHV ,502 VRQW LQWpJUpHV GDQV XQH JULOOH SRXU FKDTXH REVHUYDWLRQ
(QILQ OHV PHVXUHV GHV GRQQpHV DX VRO GX *3&& VRQW LQFOXVHV GDQV OD SURFpGXUH $ OD













pWHQG GH OD ODWLWXGH  1 j 6 SRXU XQH JULOOH GH UpVROXWLRQ VSDWLDOH GH [ 











/H GpYHORSSHPHQW GH O
DOJRULWKPH 3UHFLSLWDWLRQ (VWLPDWLRQ IURP 5HPRWHO\ 6HQVHG
,QIRUPDWLRQ XVLQJ $UWLILFLDO 1HXUDO 1HWZRUN 3(56,$11 SDU OH &HQWHU IRU
+\GURPHWHRURORJ\ DQG 5HPRWH 6HQVLQJ &+56 D FRQQX SOXVLHXUV pYROXWLRQV +VX HW DO
 +VX  /
DOJRULWKPH HVW EDVp VXU XQH SURFpGXUH GH FODVVLILFDWLRQ XWLOLVDQW XQ






QHXURQDO /HV WDX[ GH SUpFLSLWDWLRQV PHVXUpV WRXWHV OHV  PLQXWHV VRQW DJUpJpV DX[
SUpFLSLWDWLRQV FXPXOpHV GH HW KHXUHV XQLWpPPK /HVGRQQpHV GH VRUWLHRQWXQH
UpVROXWLRQVSDWLDOHGH[ILJXUHHWXQHUpVROXWLRQWHPSRUHOOHGHHWKHXUHV
/D ]RQH JpRJUDSKLTXH FRXYHUWH SDU O
DOJRULWKPH V
pWHQG GH OD ODWLWXGH  1 j  6 HW OH
SURGXLWHVWGLVSRQLEOHGHSXLVOHPDUVMXVTX¶jSUpVHQW

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GRQQpHV ,5 LVVXHV GHV VDWHOOLWHV JpRVWDWLRQQDLUHV VRQW XWLOLVpHV HQ WDQW TXH YHFWHXU GH
SURSDJDWLRQGHVFDUDFWpULVWLTXHVGHVSUpFLSLWDWLRQVPHVXUpHVSDU02SHQGDQWOHVSpULRGHVR
FHV GRQQpHV QH VRQW SDV GLVSRQLEOHV j XQ HQGURLW GRQQp $ FH MRXU OHV HVWLPDWLRQV GHV
SUpFLSLWDWLRQVSURYLHQQHQWGHVFDSWHXUV02SDVVLYHVjERUGGX'063	660,
OD12$$	$068%HW$065(jERUGGHO¶$48$GHOD1$6$HW70,
HPEDUTXp VXU OD SODWHIRUPH 7500 &HV HVWLPDWLRQV VRQW JpQpUpHV SDU OHV DOJRULWKPHV GH
)HUUDURSRXU660,)HUUDURHWDOSRXU$068%HW.XPPHURZHWDO







'¶DXWUHV SURGXLWV WHOV TXH OH  15/EOHQG GpYHORSSp SDU OD 1DYDO 5HVHDUFK
/DERUDWRU\ 15/ OH *OREDO 6DWHOOLWH 0DSSLQJ RI 3UHFLSLWDWLRQ *60D3 SDU OD -DSDQ
$HURVSDFH ([SORUDWLRQ $JHQF\ -$;$ HW OH 6HOI&DOLEUDWLQJ 0XOWLYDULDWH 3UHFLSLWDWLRQ
5HWULHYDO 6&$035 SDU OH 1(6',6 VRQW XWLOLVpV GDQV OHV WUDYDX[ GH O¶,QWHUQDWLRQDO
3UHFLSLWDWLRQ :RUOG *URXS ,3:* (QILQ SOXV UpFHPPHQW &KDPERQ HW DO E RQW
GpYHORSSp O¶DOJRULWKPH 7URSLFDO $PRXQW RI 3UHFLSLWDWLRQ ZLWK DQ (VWLPDWH RI (5URUV
7$3((5 TXL FRQVLVWH j IXVLRQQHU OHV WDX[ GH SOXLH LQVWDQWDQpV GpULYpV GHV 023 SDU
O
DOJRULWKPH %5$,1 9LOWDUG HW DO  DYHF O
LPDJHULH ,5 SRXU pODERUHU GHV FXPXOV GH
SOXLH &HWWH PpWKRGRORJLH FRQGXLW j OD IRUPDWLRQ G

















&RPSWH WHQX GH VD FRXYHUWXUH TXDVLJOREDOH OD WpOpGpWHFWLRQ  HVW XQ RXWLO HVVHQWLHO
SRXU FDUWRJUDSKLHU HW pYDOXHU OD YDULDELOLWp GHV SUpFLSLWDWLRQV HQ $PD]RQLH 7RXWHIRLV OD
FRQYHUVLRQ GHV PHVXUHV SDU VDWHOOLWH HQ HVWLPDWLRQ TXDQWLWDWLYH GHV SUpFLSLWDWLRQV 43(




XQH ERQQH UpVROXWLRQ WHPSRUHOOH HW XQH UHODWLRQ SOXV GLUHFWH DYHF OHV WDX[ GH SOXLH 0DLV
O¶DQDO\VH GHV HUUHXUV GHV HVWLPDWLRQV GHYLHQW SOXV GLIILFLOH IDFH j OD FRPSOH[LWp GHV
DOJRULWKPHVPXOWLVRXUFHV'LIIpUHQWHVVRXUFHVG¶HUUHXUVG¶HVWLPDWLRQSDUVDWHOOLWHVXEVLVWHQW
QRWDPPHQW FHOOHV OLpHV j O¶DOJRULWKPLH HW j O¶pFKDQWLOORQQDJH GHV SOXLHV GLIILFLOHV j
FDUDFWpULVHU &KDPERQ  QRWH TXH O¶REMHFWLI RSpUDWLRQQHO GHV DOJRULWKPHV HVW OH SOXV
VRXYHQW ODGLPLQXWLRQGHVHUUHXUVG¶HVWLPDWLRQHWQRQ OHXUFDUDFWpULVDWLRQ/HV ILDELOLWpVGHV
DOJRULWKPHV VRQW pYDOXpHV j GLIIpUHQWHV pFKHOOHV VSDWLRWHPSRUHOOHV /H FKDSLWUH VXLYDQW
FRQVLVWHjGpILQLUOHELODQGHVHUUHXUVG¶HVWLPDWLRQTXDQWLWDWLYHGHVSUpFLSLWDWLRQV
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 /HV HVWLPDWLRQV TXDQWLWDWLYHV GHV SUpFLSLWDWLRQV 43( SDU OHV GLIIpUHQWV V\VWqPHV
G¶REVHUYDWLRQ62pYRTXpVSUpFpGHPPHQWVRXIIUHQWG¶HUUHXUVTXLSHXYHQWrWUHOLpHVjO¶RXWLO
XWLOLVpRXjODPpWKRGRORJLHGHUHSUpVHQWDWLRQGHVFKDPSVGHSOXLH/DFDUDFWpULVDWLRQGHFHV
HUUHXUV HVW SULPRUGLDOH DILQ G¶DPpOLRUHU OHV 62 HWRX OHV WHFKQLTXHV G¶HVWLPDWLRQ GHV
SUpFLSLWDWLRQV /HV62FRQYHQWLRQQHOV VRQW DVVRFLpV jXQHSOXVJUDQGH ILDELOLWp GHVPHVXUHV
GHVSOXLHV7RXWHIRLVODSUpFLVLRQGHO¶pFKDQWLOORQQDJHGHVFKDPSVGHSOXLHHVWIRUWHPHQWOLpH






43( SDU VDWHOOLWH VRQW DQDO\VpHV (QILQ GH QRPEUHXVHV pWXGHV GH YDOLGDWLRQ HW G¶LQWHU






SRXU XQH UpJLRQ HW XQH SpULRGH GRQQpH 43(43) 4XDQWLWDWLYH 3UHFLSLWDWLRQ )RUHFDVWLQJ
 /¶HUUHXU TXDGUDWLTXH G¶XQH HUUHXU GH 43( HVW FRQVWLWXpH G¶XQ ELDLV HW G¶XQH
LPSUpFLVLRQRXpFDUWW\SH/HELDLVG¶XQHQVHPEOHGH43(SHXWrWUHIRUWHHWVRQ LPSUpFLVLRQ
IDLEOH HW LQYHUVHPHQW &KDPERQ  3UHQRQV O¶H[HPSOH G¶XQH PHVXUH SOXYLRPpWULTXH
FLEOH3GHPPjODORQJLWXGHHWODWLWXGH/DILJXUHDUHSUpVHQWHXQHQVHPEOHGH
43(DYHFXQ IDLEOHELDLVSDU UDSSRUWj ODYDOHXUFLEOHPDLVXQH LPSUpFLVLRQ LPSRUWDQWH(Q
FODLU OHV YDOHXUV HVWLPpHV VRQW TXDQWLWDWLYHPHQW SURFKHV GH OD YDOHXU FLEOH PDLV OHXU
LPSUpFLVLRQ VSDWLDOH HVW JUDQGH /D ILJXUHE PRQWUHXQHQVHPEOHGH 43(DYHFXQELDLV
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GHV SOXYLRPqWUHV ,FL RQ VH IRFDOLVH VXU OHV 43( SDU OHV SOXYLRPqWUHV TXL IRXUQLVVHQW
JpQpUDOHPHQWGHVPHVXUHVSRQFWXHOOHV ILDEOHVGHVSUpFLSLWDWLRQVPDLVVRXIIUHQWG¶XQHIDLEOH
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 
&KDSLWUH$QDO\VHGHVHUUHXUVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQV
D 9LVKHO HW DO  2Q SUpVHQWH OHV GLIIpUHQWHV WHFKQLTXHV G¶LQWHUSRODWLRQ XWLOLVpHV
SRXUODFDUWRJUDSKLHGHVSUpFLSLWDWLRQV
$LQVL O¶DGDSWDWLRQ VSKpULTXH GH OD PpWKRGH GH 6KHSDUG  HVW FKRLVLH SRXU VHV
PHLOOHXUV UpVXOWDWVSDU:LOOPRWWHWDO DILQG¶LQWHUSROHUGHVGRQQpHVGHSUpFLSLWDWLRQV
GHORQJWHUPHLVVXHVGHSOXVGHVWDWLRQVPpWpRURORJLTXHV$SDUWLUGHFHVUpVXOWDWVOH
*3&& FRQVWUXLW XQ SURGXLW JOREDO PHQVXHO G¶HQYLURQ  REVHUYDWLRQV FRQWLQHQWDOHV
TXDOLWDWLYHPHQW FRQWU{OpHV HW LQWHUSROpHV SDU OD PpWKRGH GH 6KHSDUG 5XGROI HW DO 
/¶LQWHUSRODWLRQ RSWLPDOH 2, GH *DQGLQ  HVW XQH PpWKRGH G¶LQWHUSRODWLRQ WHQDQW
FRPSWHGHODVWUXFWXUHGHGpSHQGDQFHVSDWLDOHGHVGRQQpHV/HVpWXGHVGHO¶LQJpQLHXUPLQLHU
.ULJH  GpYHORSSHQW OHV IRQGHPHQWV GH FHWWH PpWKRGH $LQVL OD WHUPLQRORJLH GH
NULJHDJH SURSRVpH SDU 0DWKHURQ  HVW OD SOXV FRQQXH %XVVLHqUHV HW +RJJ 
FRPSDUHQW TXDWUH WHFKQLTXHV %DUQHV   &UHVVPDQ   6KHSDUG  HW O¶2, GH




/H &3& GH OD 12$$ D pODERUp XQ SURGXLW JOREDO GH SUpFLSLWDWLRQV MRXUQDOLqUHV




REMHFWLYH*DQGLQVXUXQHJULOOH UpJXOLqUHGHUpVROXWLRQVSDWLDOH ORQJLWXGH ODWLWXGHGH
 [  &HWWH PpWKRGH HVW FKRLVLH j SDUWLH G¶XQH DQDO\VH FRPSDUDWLYH GHV PpWKRGHV
G¶LQWHUSRODWLRQ GHV GRQQpHV SOXYLRPpWULTXHV &KHQ HW DO  QRWp D &HWWH JULOOH HVW
FHQWUpHDX[ORQJLWXGHHWODWLWXGH(6(OOHHVWFRQVWUXLWHG¶2XHVWHQ(VWGDQV
XQSUHPLHUWHPSVSXLVGX6XGDX1RUG2QGLVSRVHGXQRPEUHGHSOXYLRPqWUHVSDUFHOOXOHGH
OD JULOOH /HV GpYHORSSHXUV GX SURGXLW DSSRUWHQW WURLV OLPLWHV 3DU VD JOREDOLWp OH FXPXO
TXRWLGLHQGHVGRQQpHVSOXYLRPpWULTXHV VH WHUPLQHjGLIIpUHQWVKRUDLUHV VHORQ OD ORFDOLVDWLRQ
JpRJUDSKLTXH GHV SUpOqYHPHQWV /D TXDOLWp GH O¶DQDO\VH HVW GpWHUPLQpH SDU OD GHQVLWp GX
UpVHDX GHV SRLQWV GH SUpOqYHPHQWV (Q HIIHW WRXWH LQWHUSRODWLRQ GH GRQQpHV SRQFWXHOOHV
HQWUDvQHGHVHUUHXUVV\VWpPDWLTXHV/HVGRQQpHVHQ$IULTXHWURSLFDOHDYHFXQHLQWHUGLVWDQFH
PR\HQQHGHNPHWHQ$QWDUFWLTXHVRQWUDUHV/HVGRQQpHVGHSUpFLSLWDWLRQVMRXUQDOLqUHV






'¶DXWUHV PpWKRGHV REMHFWLYHV VRQW XWLOLVpHV SRXU O¶LQWHUSRODWLRQ GHV GRQQpHV GH
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HWDO GpYHORSSHQWXQHPpWKRGHG¶LQWHUSRODWLRQVWRFKDVWLTXHTXLFRPELQHXQPRGqOH
JpRVWDWLVWLTXH GH VLPXODWLRQ FRQGLWLRQQpH HW XQH LQWHUSRODWLRQ SDU NULJHDJH ODJUDQJLHQ
9LVFKHO HW DO  &HWWH WHFKQLTXH DPpOLRUH OD UHSUpVHQWDWLRQ GHV LQWHQVLWpV pOHYpHV GHV




(Q HIIHW GH QRPEUHX[ WUDYDX[ PRQWUHQW TX¶LO HVW LPSRUWDQW GH YpULILHU OD PDUJH
G¶HUUHXUDVVRFLpHDX[43(GHUpIpUHQFH%RZOHU&DQGLOOHDQG7DODJUDQG*KHOOL
DQG 6DQWRV  $LQVL %HOO HW .XQGX  PRQWUHQW TXH OD YDULDQFH WRWDOH LVVXH GHV
LQFHUWLWXGHVGHV43(SDUVDWHOOLWHHWGHV43(GHUpIpUHQFHHVWVXSpULHXUHjSRXUWRXWHV
OHV pFKHOOHV VSDWLRWHPSRUHOOHVSUpVHQWpHV &KDPERQ  'LYHUVHV WHFKQLTXHVRQWSHUPLV
GHPLQLPLVHUOHVHUUHXUVGH43(GHUpIpUHQFHDILQGHGLPLQXHUOHVLQFHUWLWXGHVGHVHVWLPDWLRQV
GHFXPXOV 0RUULVVH\DQG:DQJ &LDFKDQG.UDMHZVNLDE %HOODQG.XQGX
$OLHWDOE/HVHVWLPDWLRQVGHVSUpFLSLWDWLRQVVRQWDORUVVSDWLDOLVpHVJUkFHjGHV
PpWKRGHVGHNULJHDJH HQEORF -RXUQHODQG+XLMEUHJWV &HWWH WHFKQLTXHVHUDXWLOLVpH
DILQGHFRQVWUXLUHODEDVHGHUpIpUHQFHGDQVODSDUWLH

(Q UpVXPp pWDQW GRQQpH OD YDULpWp GHV VRXUFHV G
HUUHXUV SRWHQWLHOOHV GDQV OHV
HVWLPDWLRQVGHVSUpFLSLWDWLRQVSDUVDWHOOLWHXQHVROXWLRQSUDWLTXHFRQVLVWHjpYDOXHU OHV43(
SDU VDWHOOLWH SDU XQH EDVH GH GRQQpHV GH UpIpUHQFH H[WHUQHV HW LQGpSHQGDQWHV SURYHQDQW GHV
UpVHDX[SOXYLRPpWULTXHV LQVLWX/
pYDOXDWLRQGHVHUUHXUVGH43(SDU OHV VWDWLRQVHWGH43(
SDU VDWHOOLWH HVW XQH WkFKH FRPSOH[H HW HOOH HVW JpQpUDOHPHQW ODLVVpH GH F{Wp SDU OHV DXWHXUV
GDQV GHV H[HUFLFHV G
LQWHU FRPSDUDLVRQ H[ (EHUW  %LHQ TXH O
HVWLPDWLRQ GHV
SUpFLSLWDWLRQVSDUGHV VWDWLRQV VRLW JpQpUDOHPHQW VRXPLVH jXQHHUUHXUGHPHVXUH WUqV IDLEOH
H[&LDFKHW.UDMHZVNLHQUDLVRQGHODQDWXUHGLUHFWHGHFHWWHPHVXUHOHVHVWLPDWLRQV
SOXYLRPpWULTXHV SHXYHQW rWUH DIIHFWpHV SDU O
HUUHXU LQVWUXPHQWDOH (Q UDLVRQ GH OD QDWXUH
SRQFWXHOOH GHV PHVXUHV O
HUUHXU G
pFKDQWLOORQQDJH ORUV GX FDOFXO GH OD PR\HQQH GHV
SUpFLSLWDWLRQV VXU XQH VXUIDFH GRQQpH QH SHXW SDV rWUH QpJOLJpH &H SUREOqPH SHXW rWUH
VXUPRQWpSDUOHFDOFXOGHVHVWLPDWLRQVGHVSUpFLSLWDWLRQVSDUOHVSOXYLRPqWUHVHQXWLOLVDQWGHV
WHFKQLTXHVJpRVWDWLVWLTXHV.LUVWHWWHUHWDO5RFDHWDO7RXWHIRLVFHODUHTXLHUW




GHV WHFKQLTXHV GH FRQWU{OH GH TXDOLWp DYDQW G
LQWHUSROHU GHV GRQQpHV SOXYLRPpWULTXHV GX
UpVHDXSRXUHVWLPHUOHVYDOHXUVGHUpIpUHQFHGHPDQLqUHILDEOH

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QDWXUHOV HW OD JHVWLRQ GHV UHVVRXUFHV HQ HDX *ULPHV HW 'LRS   /HEHO HW DO 
&HSHQGDQW OHV HUUHXUV GHV 43( QH VRQW SDV WRXMRXUV FRQVLGpUpHV .LUVWHWWHU HW DO 
$UNLQHWDOHW UHPHWWHQWHQFDXVH OD ILDELOLWpGHV UpVXOWDWV LVVXVGHVPRGqOHVXWLOLVpV
$LQVL OHV WUDYDX[ GH /DX DQG :X  TXL PRQWUHQW O¶DXJPHQWDWLRQ JOREDOH GHV IDLEOHV
FXPXOVGHSOXLHSHXYHQWrWUHFULWLTXpVSDUGHVWDX[G¶HUUHXUVWUqVLPSRUWDQWVGDQVFHWWHJDPPH
GHWDX[SUpFLSLWpV%HOOHWDO'¶XQDXWUHF{Wp  OHVUHFRPPDQGDWLRQVLVVXHVG¶pWXGHV
VXFFHVVLYHV 1LMVVHQDQG/HWWHQPDLHU +RQJHWDO 0RUDGNKDQLDQG0HVNHOH
SRXUO¶XWLOLVDWLRQGHVEDUUHVG¶HUUHXUGHV43(SDUVDWHOOLWH&KDPERQVRQWSULVHV
HQ FRPSWH GDQV OHV SUpYLVLRQV GH FUXHV j O¶pFKHOOH JOREDOH 'DQV OHV UpJLRQV j IDLEOH







GHV HVWLPDWLRQV GH SUpFLSLWDWLRQV LQVWDQWDQpHV  $5  DYHF GHV SUpFLSLWDWLRQV GH UpIpUHQFH
$5UHI  SRXU XQ GRPDLQH VSDWLDO $ DILQ GH FDUDFWpULVHU OD SUpFLVLRQ GHV 43( SDU VDWHOOLWH
/¶DFFXPXODWLRQGHVSUpFLSLWDWLRQVPR\HQQpHVYUDLHVVXUOHGRPDLQHQRWpHV  $5WUXH V¶pFULW
 ³ ³ [G[5$$5WUXH  










5RFDHWDODSSRUWHQWGHVH[SOLFDWLRQVVXUO¶HUUHXUHQWUHO¶HVWLPDWLRQ $5UHI   $5WUXH 

/¶HUUHXUSHXWSURYHQLUGHODFDOLEUDWLRQGHVFDSWHXUVHPEDUTXpVGHO¶DOJRULWKPLHHWGH
O¶pFKDQWLOORQQDJH GHV 43( SDU VDWHOOLWH (Q VXSSRVDQW TXH FHV HUUHXUV VRQW LQGpSHQGDQWHV
K\SRWKqVH GLWH (96 SRXU (UURU 9DULDQFH 6HSDUDWLRQ &LDFK DQG .UDMHZVNL D 
.UDMHZVNL HW DO   *HEUHPLFKDHO HW DO  OD YDULDQFH GH O¶HUUHXU GHV 43( SDU
VDWHOOLWH QRWpH 6ð SHUPHW G¶REWHQLU XQH LQIRUPDWLRQ VXU OD GLVWULEXWLRQ GHV HUUHXUV GHV
HVWLPDWLRQV6ðSHXWrWUHGpILQLHSDUODVRPPHGHVpFDUWVGHVHUUHXUVTXDGUDWLTXHVPR\HQV









L /HV PRGqOHV SDUDPpWULTXHV XWLOLVHQW O¶RXWLO GH OD JpRVWDWLVWLTXH HW GRQW OHV SDUDPqWUHV
V¶DSSXLHQWVXUGHVPHVXUHVH[SpULPHQWDOHVH[*ULPHVD/DPRGpOLVDWLRQSDUDPpWULTXH
GH OD FRYDULDQFH GHV FKDPSV GH SOXLH SHUPHW G¶DQDO\VHU OHV HUUHXUV G¶pFKDQWLOORQQDJH HW
G¶DOJRULWKPLH%HOOHUE\DQG6XQ7HRDQG*ULPHV(QRXWUHOHPRGqOH/DXJKOLQ
DQG%HOOHVW ODUJHPHQWDSSOLTXpDILQGHGpFULUH O¶HUUHXUG¶pFKDQWLOORQQDJH/DXJKOLQ 
6WHLQHU6WHLQHUHWDO *HEUHPLFKDHODQG.UDMHZVNL  ,LGDHWDO 
+RQJHWDO ,OPRQWUHGHVHUUHXUVG¶HVWLPDWLRQVGHVWDX[GHSOXLHWUqVIRUWHVSRXUOHV




SDV HQ FRPSWH OHV HUUHXUV GHV GLVWULEXWLRQV j SULRUL *HEUHPLFKDHO HW DO  DQDO\VHQW
O¶HUUHXUGHO¶DOJRULWKPH&0253+SURGXLWVDWHOOLWDLUHjKDXWHUpVROXWLRQDX[(WDWV8QLVVXU







3OXVLHXUV WHFKQLTXHV G¶HVWLPDWLRQ GHV SUpFLSLWDWLRQV SDU VDWHOOLWH RQW GRQF pWp
GpYHORSSpHV2QHVWLPHOHVYROXPHVG¶HDXSUpFLSLWpVjSDUWLUGHVPHVXUHVVDWHOOLWDLUHVSXLVRQ
OHV FRPSDUH DYHF XQH EDVH GH UpIpUHQFH SRXU FDUDFWpULVHU OHV ELDLV HW OHV HUUHXUV 'H










GHV GRQQpHV ,5 HW 02 GDQV OH FDGUH GX SURJUDPPH 7URSLFDO 2FHDQ *OREDO $WPRVSKHUH
&RXSOHG 2FHDQ $WPRVSKHUH 5HVSRQVH ([SHULPHQW 72*$&2$5( VXU O¶RFpDQ 3DFLILTXH
pTXDWRULDO *OREDOHPHQW HQ VH EDVDQW VXU GHV GRQQpHV UDGDU OHV UpVXOWDWV PRQWUHQW GH
PHLOOHXUVUpVXOWDWVGHYDOLGDWLRQVLQVWDQWDQpHVSRXUOHVGRQQpHV02TXHSRXUOHVGRQQpHV,5
/HV DOJRULWKPHV FRPELQDQW OHV GHX[ GRPDLQHV G¶RQGHV pOHFWURPDJQpWLTXHV VRQW OHV SOXV
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SHUIRUPDQWV(QVXLWH O¶DSSRUWGHVGRQQpHV7500SHUPHWG¶HQYLVDJHUOHGpYHORSSHPHQWGH







-R\FH HW DO  703$ +XIIPDQ HW DO  15/EOHQG 7XUN DQG 0LOOHU 
3(56,$11+VXHWDO+VXHW*60D3.XERWDHWDO
$ O¶pFKHOOH JOREDOH 6DSSLDQR DQG $UNLQ  pYDOXHQW FHV DOJRULWKPHV DYHF OHV
GRQQpHV *OREDO 3UHFLSLWDWLRQ &OLPDWRORJ\ 3URMHFW *3&3 6XU OD FHLQWXUH WURSLFDOH









6XU OH FRQWLQHQW DIULFDLQ j OD VXLWH GH OD IRUPDWLRQ GX JURXSH (36$7 <YHV HW DO















O¶LQWpJUDWLRQ WHPSRUHOOH /H SURGXLW 7500% YHUVLRQ UHFKHUFKH SUpVHQWH XQ PHLOOHXU
DFFRUG DYHF OHV GRQQpHV DX VRO OHV DXWHXUV H[SOLTXHQW FHV UpVXOWDWV SDU O¶LQFOXVLRQ GHV
GRQQpHV PHQVXHOOHV GX *3&& 6XU FHWWH PrPH ]RQH 3LHUUH HW DO  UpDOLVHQW XQH
YDOLGDWLRQGHVDOJRULWKPHV5DLQIDOO(VWLPDWH5)(+HUPDQHWDO703$HW&0253+
DILQ GH FRQVWUXLUH XQ PRGqOH GH YpJpWDWLRQ (Q  5RPLOO\ HW *HEUHPLFKDHO 
PRQWUHQWTXHGHjOHVHUUHXUVG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVHQ(WKLRSLHYDULHQW
VHORQ OD WRSRJUDSKLH HW OHV UpJLPHV GH SUpFLSLWDWLRQV 3(56,$11 SRVVqGH GHV HUUHXUV SOXV













TXH OH SURGXLW 7500%Y $ O¶pFKHOOH GX %UpVLO )UDQFKLWR HW DO  pYDOXHQW OHV
HVWLPDWLRQV VDLVRQQLqUHV GX SURGXLW 750035 UDGDU /D FRUUpODWLRQ PR\HQQH HQWUH OH
SURGXLWHWOHVGRQQpHVSOXYLRPpWULTXHVVDXVROHVWWUqVpOHYpHVXUODPDMRULWpGHVFLQT
UpJLRQV EUpVLOLHQQHV pWXGLpHV 7XID HW DO  UpDOLVHQW XQH LQWHU FRPSDUDLVRQ VXU OH
WHUULWRLUH FRORPELHQHW FRQFOXHQWTXH&0253+HW*60D309.SUpVHQWHQW OHVPHLOOHXUV
UpVXOWDWVVXUFHWWH]RQHG¶pWXGHV
(QUpVXPpODPDMRULWpGHVpWXGHVGHYDOLGDWLRQVGHVSURGXLWVVDWHOOLWDLUHVFRPSDUHOHV
SL[HOV GH OD JULOOH VDWHOOLWH DYHF OHV SL[HOV GH ODEDVH GH GRQQpHV LQWHUSROpHV FRPSRUWDQW DX
PRLQVXQSRLQWGHSUpOqYHPHQW(QHIIHWLOH[LVWHFHUWDLQHVOLPLWHVjOXWLOLVDWLRQGHVPHVXUHV
SRQFWXHOOHV GHV VWDWLRQV DX VRO DILQ GpYDOXHU OHV HVWLPDWLRQV GHV SUpFLSLWDWLRQV SDU VDWHOOLWH
+DELEHWDO(WDQWGRQQpODIRUWHYDULDELOLWpVSDWLRWHPSRUHOOHGHVSUpFLSLWDWLRQV&LDFK
DQG.UDMHZVNLPRQWUHQWTXHOHVFRPSDUDLVRQVVWDWLVWLTXHVHQWUHOHVGHX[YDOHXUVDX[
UpVROXWLRQV VSDWLDOHV GLIIpUHQWHV VRQW µEUXLWpHV¶ QRWDPPHQW SRXU OHV FRXUWHV SpULRGHV GH








XQH WkFKH GLIILFLOH /HV pWXGHV GH YDOLGDWLRQ LQGLTXHQW TXH FHW REMHFWLI HVW UHFKHUFKp HQ
FRPSDUDQWOHV43(SDUVDWHOOLWHDX[43(GHUpIpUHQFH&HVGHUQLqUHVVRQWGDQVODPDMRULWpGHV
FDVLVVXHVGHVSOXYLRPqWUHVRXGHVUDGDUVPpWpRURORJLTXHV,FLRQV¶HVWDWWDFKpjUHOHYHUOHV
GLIIpUHQWHV WHFKQLTXHV G¶LQWHUSRODWLRQ GHV GRQQpHV GH SUpFLSLWDWLRQV DX VRO ,O H[LVWH XQH
PXOWLWXGHGHPpWKRGHVGHUHSUpVHQWDWLRQGHVFKDPSVGHSOXLHPDLV WRXWHVVRQWFDUDFWpULVpHV
SDU GHV HUUHXUV GH TXDQWLILFDWLRQ HW G¶pFKDQWLOORQQDJH GH FHWWH YDULDEOH 'H SOXV SOXVLHXUV
SURGXLWVSOXYLRPpWULTXHVG¶pFKHOOHJOREDOHH[LVWHQWPDLVODTXDQWLILFDWLRQGHVHUUHXUVGHV43(
GHUpIpUHQFHQ¶HVWSDVPLVHjGLVSRVLWLRQ(QFODLURQQHSHXWSDVFRQQDvWUHO¶HUUHXUDVVRFLpHj
FKDTXH SL[HO GH OD JULOOH GH UpIpUHQFH TXL SHXW rWUH IRUWH SRXU OHV SL[HOV R LO Q¶H[LVWH SDV
G¶REVHUYDWLRQ2UFHWWHpYDOXDWLRQHVWUHODWLYHPHQWLPSRUWDQWHDILQGHPLHX[FDUDFWpULVHUOHV
ELDLVHWOHVLQFHUWLWXGHVGHV43(SDUVDWHOOLWH
(QILQ RQ REVHUYH TXH VHXOV TXHOTXHV WUDYDX[ GH YDOLGDWLRQ V¶DVVXUHQW GH OD ILDELOLWp
GHV GRQQpHV SOXYLRPpWULTXHV GH UpIpUHQFH &
HVW OD UDLVRQ SRXU ODTXHOOH OD SDUWLH  HVW
HQWLqUHPHQW FRQVDFUpH j OD FRQVWUXFWLRQ G¶XQH EDVH SOXYLRPpWULTXH ILDEOH HQ $PD]RQLH
EUpVLOLHQQH/pJDOH





&HWWH SUHPLqUH SDUWLH D LQWURGXLW OHV FLUFXODWLRQV DWPRVSKpULTXHV JpQpUDQW OHV
SUpFLSLWDWLRQV HQ $PD]RQLH EUpVLOLHQQH /pJDOH /HV SULQFLSDOHV G\QDPLTXHV j ODUJH pFKHOOH
VRQWOD=&,7HWOD=&$6TXLSUpVHQWHQWXQF\FOHDQQXHOPR\HQPDLVpJDOHPHQWXQHFHUWDLQH




FHOOH GH OD =&$6 TXL HVW RUJDQLVpH VHORQ XQ JUDGLHQW 6XG(VW1RUG2XHVW /D YDULDELOLWp
LQWHUDQQXHOOHGHVFLUFXODWLRQVRFpDQRDWPRVSKpULTXHVWHOOHVTXHO1LxRHWOD1LxDMRXHXQU{OH
SUpSRQGpUDQW VXU OHV YDULDWLRQV VSDWLRWHPSRUHOOHV GHV SUpFLSLWDWLRQV /DFWLYLWp FRQYHFWLYH
GRQW OD IRUPH SULQFLSDOH HVW OH 6&0 HVW OH SULQFLSDO IDFWHXU GHV SOXLHV HQ $PD]RQLH
/RUJDQLVDWLRQ HW OH W\SH GH V\VWqPHV FRQYHFWLIV YDULHQW VHORQ OHV VHFWHXUV GX WHUULWRLUH
GpWXGHVHWQRWDPPHQWORFFXSDWLRQGHVVROV26/HU{OHGHODIRUrWDPD]RQLHQQHHVWDLQVL
UHFRQQX SRXU IDYRULVHU OH GpYHORSSHPHQW GHV FHOOXOHV FRQYHFWLYHV /HV SOXLHV VRQW GRQF OH




GpIL /H UpVHDX SOXYLRPpWULTXH DX VRO pWDQW ODFXQDLUH OREMHFWLI HVW GXWLOLVHU OHV GRQQpHV




KDXWHV IUpTXHQFHV HW O¶LQWHQVLWp GHV SUpFLSLWDWLRQV HVW HQWDFKpH SDU  GHV PHVXUHV j IDLEOH
UpSpWLWLYLWp WHPSRUHOOH (Q HIIHW OHV FDSWHXUV 02 VRQW HPEDUTXpV VXU OHV VDWHOOLWHV /(2 $
O¶LQYHUVHOHVFDSWHXUV,5VRQWSULQFLSDOHPHQWHPEDUTXpVVXUOHVVDWHOOLWHV*(2TXLSRVVqGHQW
XQH ERQQH UpVROXWLRQ WHPSRUHOOH WRXWHIRLV RQ QRWH XQH UHODWLRQ LQGLUHFWH HQWUH O¶,5 HW




VRQW REWHQXV j SDUWLU GH WHFKQLTXHV PXOWLFDQDX[ FHVW SRXUTXRL RQ GpFLGH GXWLOLVHU OHV
SURGXLWV &0253+ 3(56,$11 HW 7500%Y GDQV FHWWH WKqVH $ILQ G¶pYDOXHU OHV
HUUHXUVGHV43(SDU VDWHOOLWH ODSOXSDUW GHV WUDYDX[GHYDOLGDWLRQ V¶DSSXLH VXUXQHEDVHGH
UpIpUHQFHFRPSRVpHGHSOXYLRPqWUHV/DSDUWLHVXLYDQWHFRQVLVWHHQODFRQVWUXFWLRQG¶XQHEDVH
GHGRQQpHVSOXYLRPpWULTXHVILDEOHHQ$PD]RQLHEUpVLOLHQQH/pJDOHVXUODSpULRGH
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'DQV FHWWH SDUWLH O
REMHFWLI HVW GH FRQVWUXLUH XQH EDVH GH GRQQpHV SOXYLRPpWULTXHV
TXRWLGLHQQHVGHUpIpUHQFHHQ$PD]RQLHEUpVLOLHQQH/pJDOHDXFRXUVGHODSpULRGH
3OXVLHXUVSURGXLWVGHSUpFLSLWDWLRQV UHFRQQXV UpVXOWDQW G
XQSURWRFROHGH FRQWU{OHGHTXDOLWp
4&GHVREVHUYDWLRQVDXVROVRQWGLVSRQLEOHVGDQVODOLWWpUDWXUHH[SURGXLWGX*3&&'DQV
FH WUDYDLO RQ FRPSDUH OHV REVHUYDWLRQV GHV VWDWLRQV DYHF OHV GRQQpHV YRLVLQHV j O¶DLGH GH
SOXVLHXUV WHFKQLTXHVGHJpRVWDWLVWLTXH2QSDUWGH O¶K\SRWKqVHTX¶XQH IRUWHYDULDELOLWpG¶XQH






/H FKDSLWUH FRQVLVWH j FRQWU{OHUTXDOLWDWLYHPHQW OHV GRQQpHVGHVSUpFLSLWDWLRQVGHV
SOXYLRPqWUHVUHWHQXVVXUODUpJLRQSDUXQHDSSURFKHJpRVWDWLVWLTXH2QFKHUFKHXQHIRQFWLRQ
PDWKpPDWLTXHTXLSHUPHWWHGHGpWDFKHUXQHGLVWDQFHSRXUODTXHOOHODYDULDELOLWpGHVGRQQpHV
SOXYLRPpWULTXHV DWWHLQW XQ SDOLHU 'DQV FH UD\RQ G
LQIOXHQFH EXIIHU GHV SDUDPqWUHV
FOLPDWRORJLTXHV HW VWDWLVWLTXHV DIIHFWpV j XQH VWDWLRQ FLEOH VRQW FRPSDUpV DX YRLVLQDJH 8Q
LQGLFH GH YDULDELOLWp 9, HVW DORUV GpILQL SRXU FKDTXH VWDWLRQ 6HORQ OD GLVWULEXWLRQ GX 9,
DSSOLTXpDQQXHOOHPHQWRQpOLPLQHOHVGRQQpHVSOXYLRPpWULTXHVDYHFXQHWUqVIRUWHYDULDELOLWp
SDU UDSSRUW DX[ LQGLFDWHXUV YRLVLQV TXL VRQW DVVRFLpHV j GHV GRQQpHV HUURQpHV
6FKpPDWLTXHPHQW RQ SHXW LOOXVWUHU OH FRQWU{OH GH TXDOLWp 4& SDU XQH VXLWH GH SURFpGXUHV
SUpVHQWpHVGDQVODILJXUH

/H FKDSLWUH  HVW FRPSRVp GH WURLV WHVWV GH VHQVLELOLWp GX MHX GH GRQQpHV
SOXYLRPpWULTXHV FRQWU{OpHV HW LQWHUSROpHV 2Q YpULILH O
pYROXWLRQ GHV SDUDPqWUHV GX
YDULRJUDPPHDSUqV OH4&/D WHFKQLTXHGX/HDYH2QH2XW&URVV9DOLGDWLRQ /22&9HVW







(QILQ RQ pYDOXH  OD FRKpUHQFH G



















GpEXW GH OD PLVH j GLVSRVLWLRQ GX SURGXLW VDWHOOLWDLUH 7500 0XOWLVDWHOOLWH 3UHFLSLWDWLRQ
$QDO\VLV 703$ MXVTX¶j LQFOXV3OXVLHXUV WUDLWHPHQWVEDVLTXHV VRQWQpFHVVDLUHVSRXU
V¶DIIUDQFKLUG¶HUUHXUVpYLGHQWHVGHVUHSRUWVGHVYROXPHVSUpFLSLWpVTXRWLGLHQV/¶REMHFWLIGHFH
FKDSLWUHHVW ODSUpVHQWDWLRQG¶XQHPpWKRGRORJLHLQQRYDWULFHGRQW ODILQDOLWpHVWGHJDUDQWLU OD
ILDELOLWpGH ODEDVHGHGRQQpHVGH UpIpUHQFH&HWWH WHFKQLTXH IDLW DSSHOjSOXVLHXUVRXWLOVGH
JpRVWDWLVWLTXH
 &H FKDSLWUH HVW FRQVWUXLW HQ GHX[ pWDSHV 'DQV XQ SUHPLHU WHPSV RQ GpFULW OHV
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/DTXDOLWpGHVGRQQpHVSOXYLRPpWULTXHVGHO
$1$GRLWrWUHFRQWU{OpHFDUOHUHSRUWGHV





JOREDOH GH  GHV GRQQpHV ILJXUH  6XU O¶HQVHPEOH GX MHX GH GRQQpHV  HW
GHVSOXYLRPqWUHVRQWXQHGLVSRQLELOLWpMRXUQDOLqUHVXSpULHXUHUHVSHFWLYHPHQWjHW
 ,O Q¶H[LVWH SDV GH IDFWHXU GH UpSDUWLWLRQ WHUULWRULDOH TXDQW DX[ ODFXQHV GHV VpULHV
WHPSRUHOOHV SULVHV HQ FRPSWH GDQV FHWWH pWXGH $ O









,O H[LVWH GLIIpUHQWHV PpWKRGRORJLHV SRXU YpULILHU OD FRKpUHQFH GHV GRQQpHV
SOXYLRPpWULTXHV 'HV WHVWV VWDWLVWLTXHV OH UHFRXUV j O
KLVWRULTXH GHV VpULHV WHPSRUHOOHV OD
FRPSDUDLVRQ G
XQH VWDWLRQ FLEOH DX[ SOXV SURFKHV YRLVLQHV SHXYHQW rWUH UpDOLVpV DILQ GH
GpWHFWHU GHV YDOHXUV GH SUpFLSLWDWLRQV HUURQpHV &HSHQGDQW OHV FULWqUHV JOREDX[ XWLOLVpV SDU
GLIIpUHQWV FHQWUHV H[ &3&  ([SHUW 7HDP RQ &OLPDWH &KDQJH 'HWHFWLRQ 0RQLWRULQJ DQG
,QGLFHV(7&&'0,*3&&QHVRQWSDVDGDSWpVDXUHJDUGGHODFOLPDWRORJLHGXVLWHG
pWXGHV
$LQVL &KHQ HW DO  FRQVWUXLVHQW XQ LQGLFDWHXU SUREDELOLVWH GH ULVTXH EDVp VXU
O
KLVWRULTXH GHV GRQQpHV OD FRPSDUDLVRQ DX[ GRQQpHV GHV VWDWLRQV YRLVLQHV DX[ SURGXLWV
VDWHOOLWDLUHV HW PRGqOHV FOLPDWRORJLTXHV /H FRQWU{OH YLVH j DQDO\VHU OHV UHSRUWV GHV YDOHXUV
QXOOHVHWGHVYROXPHVSUpFLSLWpVLPSRUWDQWV/H&3&XWLOLVHXQHGLVWDQFHDUELWUDLUHGXEXIIHU
GH  NP DILQ GH FRPSDUHU OHV YDOHXUV G¶XQH VWDWLRQ FLEOH DX[ VWDWLRQV YRLVLQHV ,FL RQ
SUpIqUH SUHQGUH HQ FRPSWH XQH GRQQpH UpJLRQDOH LVVXH G¶XQH IRQFWLRQ PDWKpPDWLTXH DILQ
G¶RSWLPLVHU OD FRPSDUDLVRQ DX YRLVLQDJH /H *3&& YpULILH O¶KRPRJpQpLWp GHV FKDPSV GH
SOXLH j O¶pFKHOOH PHQVXHOOH 2U RQ FRQVLGqUH TXH OD GHQVLWp GX UpVHDX HVW VXIILVDQWH SRXU








GRQQpHV GH SUpFLSLWDWLRQV j SDUWLU GHV WHQGDQFHV LVVXHV GHV GRQQpHV FXPXOpHV /H *3&&
YpULILH O¶KRPRJpQpLWpGHVFKDPSVGHSUpFLSLWDWLRQVj O¶pFKHOOHPHQVXHOOH 6FKQHLGHU 
5XGROIHWDO















 &RPPH pYRTXpH SUpFpGHPPHQW GH QRPEUHXVHV VpULHV SOXYLRPpWULTXHV VRQW
ODFXQDLUHV HW OH WUDLWHPHQW GHV YDOHXUV GH SUpFLSLWDWLRQV PDQTXDQWHV HVW DORUV
SUREOpPDWLTXH 'DQV QRWUH pWXGH FHV GRQQpHV QH VRQW SDV DMXVWpHV 2Q SRXUUDLW







 &KDTXH YROXPH SUpFLSLWp QRQ QXO LQWHUYHQDQW DSUqV XQH SKDVH GH GRQQpHV
PDQTXDQWHV HVW HQUHJLVWUp FRPPH YDOHXU PDQTXDQWH +D\ORFN HW DO  (Q










G¶XQ SRLQW GH UpIpUHQFH ORFDOLVp GLIIpUHPPHQW VHORQ O¶KpPLVSKqUH 3RXU
O¶KpPLVSKqUH 6XG OH SRLQW G¶RULJLQH HVW VLWXp VXU OH SDUDOOqOH j  NP GH
O¶(TXDWHXU HW j  NP j O¶2XHVW GX PpULGLHQ FHQWUDO GH OD ]RQH 870 GRQQpH
3RXUO¶KpPLVSKqUH1RUGO¶RULJLQHHVWSULVHVXUO¶(TXDWHXUHWpJDOHPHQWjNP
GX PpULGLHQ FHQWUDO GH OD ]RQH FRQVLGpUpH &KDTXH EDQGH 870 FRUUHVSRQG j 





+pPLVSKqUH 1RUG 2Q WUDQVIRUPH OHV FRRUGRQQpHV GHV VWDWLRQV GHV GHJUpV
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2 [ HVWOHYHFWHXUGHORFDOLVDWLRQ W OHWHPSV FRY ODFRYDULDQFHHQWUHOHVVpULHV
WHPSRUHOOHVGHVVWDWLRQVORFDOLVpHVHQ [ HW [ 
 HW HVWO¶pFDUWW\SH

 /HV ILJXUHVHWPRQWUHQWjJDXFKH OHQXDJHGHSRLQWVGHVFRUUpODWLRQVHQWUH OHV
SDLUHVGHVSRLQWVHQIRQFWLRQGHO¶LQWHUGLVWDQFH K SRXUOHVSpULRGHVGHFXPXOVGH7 MRXU
7 MRXUV7 MRXUV7 MRXUVHW7 MRXUV/DPR\HQQHGHVFRUUpODWLRQVGHVSDLUHVGH
SRLQWVGDQVXQLQWHUYDOOHG¶LQWHUGLVWDQFHVGHNPHVWUHSUpVHQWpHVXUXQHIHQrWUHVSDWLDOHGH
NPjGURLWHGHVILJXUHV&HWWHGHUQLqUHLQIRUPDWLRQHVWV\QWKpWLVpHHQYDULDQWODSpULRGHGH
FXPXO GHV GRQQpHV 7 GH XQ j WUHQWH MRXUV VXU OD SpULRGH  VXU OD ILJXUH  2Q
REVHUYH XQH GpFRUUpODWLRQ FODVVLTXH HQ IRQFWLRQ GHV LQWHU GLVWDQFHV H[ ;LH HW DO 
%XDUTXH HW DO  TXL HVW pOHYpH SRXU OHV SUHPLHUV NLORPqWUHV /HV FRUUpODWLRQV
TXRWLGLHQQHV7 MRXUGHODSpULRGHG
pWXGHVRQWUHODWLYHPHQWIDLEOHVGDQVODJDPPHGH
j  UHIOpWDQW OD IRUWH YDULDELOLWp VSDWLDOH GHV SUpFLSLWDWLRQV /RJLTXHPHQW OHV FRUUpODWLRQV
DXJPHQWHQWDYHFODSpULRGHGHFXPXOGHVGRQQpHVH[2QLERQHWDO,OIDXWQRWHUDXVVL
TXH O¶DPSOLWXGH HQWUH OHV FRUUpODWLRQV PLQLPDOHV HW PD[LPDOHV FURvW VHQVLEOHPHQW DYHF
O¶LQWpJUDWLRQWHPSRUHOOH&HWWHREVHUYDWLRQHVWLOOXVWUpHSDUXQQXDJHGHSRLQWVSOXVGLVSHUVp
XQLQWHUTXDQWLOHHWXQpFDUWHQWUHODPR\HQQHHW ODPpGLDQHGHVLQFUpPHQWVGHVFRUUpODWLRQV
SOXV LPSRUWDQWV (QILQ OHV YDOHXUV GHV GLIIpUHQFHV HQWUH OHV FRUUpODWLRQV PR\HQQHV GH GHX[
SpULRGHV FRQVpFXWLYHV GH FXPXO GLPLQXHQW DYHF O¶DXJPHQWDWLRQ GH 7 &HOD VLJQLILH TXH OD










)LJXUH 1XDJHVGHVSRLQWVGHVFRUUpODWLRQVGHV VpULHV WHPSRUHOOHVHQ IRQFWLRQGHVGLVWDQFHVHQWUH OHV
SOXYLRPqWUHVjJDXFKH,QFUpPHQWVGHVFRUUpODWLRQVFDOFXOpVVXUXQHLQWHUGLVWDQFHGHNPjGURLWH
SRXUOHVSpULRGHVGHFXPXOVGH7 MRXU7 MRXUV7 MRXUV
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 2Q V¶LQWpUHVVH SDUWLFXOLqUHPHQW DX[ VpULHV WHPSRUHOOHV SOXYLRPpWULTXHV GRQW OHV
FRUUpODWLRQV VRQW UHODWLYHPHQW IDLEOHV DX[ FRXUWHV LQWHUGLVWDQFHV HW TXL SHUVLVWHQW DYHF
O¶LQWpJUDWLRQWHPSRUHOOH&HWWHIDLEOHFRUUpODWLRQDXYRLVLQDJHSHXWrWUHDVVRFLpHjGHVGRQQpHV
SOXYLRPpWULTXHV HUURQpHV /¶DSSURFKHYDULRJUDSKLTXHSHUPHWGHTXDQWLILHU HW GH WUDLWHUSOXV
VSpFLILTXHPHQW ODSUREOpPDWLTXHGHYDULDELOLWpGHVGRQQpHV'HSOXV FHWWHSKDVHDQDO\WLTXH
HVWSUpOLPLQDLUHjO¶LQWHUSRODWLRQSDUNULJHDJHGHVGRQQpHV 









/D JpRVWDWLVWLTXH 0DWKHURQ  IRXUQLW GHV RXWLOV SUDWLTXHV SRXU GpFULUH OHV
SURSULpWpVVWUXFWXUHOOHVGHVSKpQRPqQHVQDWXUHOVHWSRXUUpVRXGUHOHVSUREOqPHVG¶HVWLPDWLRQ
'DQV FHWWH VHFWLRQ RQ XWLOLVH VHXOHPHQW OD SDUWLH GHV JpRVWDWLVWLTXHV TXL FRQVLGqUH
O¶LGHQWLILFDWLRQ GH OD VWUXFWXUH 6RLW OH FKDPS GH SUpFLSLWDWLRQV 5[W  XQ UpVXOWDW G¶XQH
IRQFWLRQDOpDWRLUH OD WHFKQLTXHGXNULJHDJHQRXVSHUPHWG¶XWLOLVHUXQHIRQFWLRQGHVWUXFWXUH
EDVpH VXU OH YDULRJUDPPH  -RXUQHO DQG +XLMEUHJWV  SRXU GpFULUH OD FRUUpODWLRQ
VSDWLDOH GX FKDPS GH SUpFLSLWDWLRQV /H YDULRJUDPPH (T  HVW GpILQL FRPPH OD VHPL





HVSpUDQFHV SDU OD PR\HQQH DULWKPpWLTXH 8Q PRGqOH VWDQGDUG HVW GpULYp GX YDULRJUDPPH





G /H QXJJHW SHXW rWUH XWLOLVp SRXU GpFULUH XQH SRVVLEOH GLVFRQWLQXLWp GX YDULRJUDPPH j











SRXU OH4& $YDQW O¶DQDO\VHGXFRQWU{OHGHTXDOLWp OHYDULRJUDPPH FOLPDWRORJLTXH FDOFXOp
SRXU OHV GRQQpHV SOXYLRPpWULTXHVV VXU OD SpULRGH  PRQWUH XQ UDQJH GH  NP
ILJXUH  /H QXJJHW GH OD FRXUEH GH WHQGDQFH HVW pOHYp FHW LQGLFDWHXU HVW DVVRFLp j GHV
HUUHXUVGHPHVXUHTXLGRLYHQWrWUHGpWHFWpHVSDUODVXLWH&HWWHREVHUYDWLRQHVWDSSX\pHSDUOHV
YDOHXUV GX YDULRJUDPPH HPSLULTXH FDOFXOpHV DX[ IDLEOHV LQWHUGLVWDQFHV &HV GHUQLqUHV VRQW
IRUWHV HW SUpVHQWHQW XQH GLVFRQWLQXLWp LPSRUWDQWH SDU UDSSRUW j FHOOHV DX[ JUDQGHV LQWHU
GLVWDQFHV
/H FRQWU{OHGHTXDOLWp FLEOH OHV VWDWLRQVTXLRQWGHVPHVXUHV HQ LPSRUWDQWGpVDFFRUG
DYHFOHVVWDWLRQVYRLVLQHV'DQVFHWWHpWXGHRQWHVWHODVHQVLELOLWpGXFRQWU{OHGHTXDOLWpSRXU











3OXVLHXUV DXWHXUV RQW GpYHORSSp GHV FULWqUHV VWDWLVWLTXHV DILQ G
REVHUYHU OHV
FKDQJHPHQWVHW OHV WHQGDQFHVFOLPDWLTXHVDX[pFKHOOHV UpJLRQDOHV .OHLQ7DQNHWDO 
RXJOREDOHVH[)ULFKHWDO$OH[HQGHUHWDO3DUH[HPSOHO¶(7&&'0,





  LQGLFDWHXUV GpFULYHQW OHV RFFXUUHQFHV GH SpULRGHV KXPLGHV HW VqFKHV DILQ GH
YpULILHUOHVUHSRUWVGHYDOHXUVQXOOHVµVXVSLFLHXVHV¶&KDTXHSpULRGHVqFKHKXPLGHHVW
FDUDFWpULVpHSDUOHQRPEUHGHMRXUVFRQVpFXWLIVVHFVKXPLGHV3RXUFKDTXHVWDWLRQOH












 3RXU XQH VWDWLRQ GRQQpH FKDTXH FRUUpODWLRQ j GLIIpUHQWHV SpULRGHV GH FXPXOV YRLU
VHFWLRQ  HW FKDTXH LQGLFDWHXU FOLPDWRORJLTXH , HVW FRPSDUp j OD YDOHXU PR\HQQH
FRUUHVSRQGDQWH GHV VWDWLRQV YRLVLQHV /D GLIIpUHQFH QRUPDOLVpH 1' HQWUH OD YDOHXU GH OD















































OLPLWpV j FDXVH GH JUDQGHV RQGXODWLRQV 'URXOHUV  7KpU\  HW XQH DOWLWXGH TXL
GpSDVVHWUqVUDUHPHQWOHVP$O¶LQWpULHXUGXEXIIHUG¶LQWHUFRPSDUDLVRQGHVGRQQpHVGH





DXGHVVXVGXQLYHDXGH ODPHU ILJXUH'DQV OHVFRXUWHV LQWHUGLVWDQFHV ODGLIIpUHQFHHQ
DOWLWXGHHQWUHGHX[VWDWLRQVHVWUHODWLYHPHQWIDLEOHOHXUPR\HQQHSRXUOHVUDQJHVGHNP
GH  NP HW GH  NP VRQW UHVSHFWLYHPHQW GH  P  P HW  P $LQVL FHV
GRQQpHV G¶DOWLWXGHV IDLEOHV QH VRQW SDV SULVHV HQ FRPSWH GDQV O¶pWXGH GH YDULDELOLWp GHV
SUpFLSLWDWLRQV





DSSUpKHQGHU HW HVW ODUJHPHQW GLVFXWpH QRWDPPHQW GDQV OH FDGUH GH OD GpIRUHVWDWLRQ
DPD]RQLHQQHHWGXUpFKDXIIHPHQWFOLPDWLTXHJOREDO H['XEUHXLOHWDO&RRNHWDO
 SURJUDPPH /%$ ,QWHUJRXYHUQHPHQWDO 3DQHO RI &OLPDWH &KDQJH ,3&&
/¶DIIHFWDWLRQ G¶XQ SOXYLRPqWUH j XQH 26 HVW VLPSOH HW UHODWLYHPHQW SUpFLVH SDUWLH 
7RXWHIRLV DX[ pFKHOOHV VSDWLDOHV XWLOLVpHV SRXU OHV GLVWDQFHV G¶LQWHU FRPSDUDLVRQ TXDQWLILHU




SpULRGH G¶pWXGHV UHODWLYHPHQW FRXUWH" &HUWDLQHV VWDWLRQV RQW YX OHXU HQYLURQQHPHQW




GHV PRGqOHV GH GpIRUHVWDWLRQ PRQWUHQW GHV UpVXOWDWV GLYHUJHQWV DX[ UpDOLWpV REVHUYpHV SDU
O¶,3&&$LQVLFHUWDLQVDXWHXUVH[0F*XIILHHWDO&RVWDHW)ROH\$YLVVDUHW
:HUWK  PRQWUHQW TX¶HQ SOXV GH OD GLPLQXWLRQ GH WUDQVSLUDWLRQ SDU GHV VXUIDFHV
IRUHVWLqUHV PRLQV LPSRUWDQWHV OD EDLVVH GH OD FRQYHUJHQFH GH O¶KXPLGLWp DWPRVSKpULTXH
SURYRTXHUDLWXQHGLPLQXWLRQGHVSUpFLSLWDWLRQV

7RXWHIRLV O¶,3&& QRWH TXH ©OHV SUpFLSLWDWLRQV HW OD FRQYHUJHQFH GH O¶KXPLGLWp
FURLVVDQWHV HQ$PD]RQLHGXUDQW OHVGHUQLqUHVGpFHQQLHV FRQWUDVWHQWDYHF FHV WUDYDX[ FLWpV
SUpFpGHPPHQW FHOD VXJJqUH TXH OD GpIRUHVWDWLRQ Q¶HVW SDV OH SULQFLSDO IDFWHXU GHV
FKDQJHPHQWVREVHUYpVª(QRXWUH6DDGHWDORQWVLPXOpOHVHIIHWVPpVRpFKHOOHGHOD
GpIRUHVWDWLRQ DPD]RQLHQQH VXU OD FRXFKH OLPLWH GH O¶DWPRVSKqUH DYHF OH PRGqOH EUpVLOLHQ
%UD]LOLDQ GHYHORSPHQWV RQ WKH 5HJLRQDO $WPRVSKHULF 0RGHOOLQJ 6\VWHP %5$06 GDQV OD
UpJLRQ GH OD %5 ,OV RQW FRQVWDWp TXH OD VXSHUILFLH HW OD IRUPH HQ FH TXL FRQFHUQH
O
LQFLGHQFH GX YHQW GH OD GpIRUHVWDWLRQ HW GH O
pWDW G






SUpFLSLWDWLRQV GXH j XQH 26 UHVWH LQFHUWDLQH HW GLIILFLOH j pYDOXHU GDQV O¶HVSDFH HW GDQV OH
WHPSVDYHFO¶LPSOLFDWLRQGHQRPEUHX[IDFWHXUVLQWHUDJLVVDQWHQVHPEOH(QFRQFOXVLRQIDFHj
WRXWHV FHV LQFHUWLWXGHV O¶LPSOpPHQWDWLRQ GH O¶26 GDQV OD FRPSDUDLVRQ GHV GRQQpHV
SOXYLRPpWULTXHVG¶XQHVWDWLRQjO¶DXWUHQ¶HVWSDVUpDOLVpHGDQVOH9,
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SpULRGH  $SUqV GHV SUpWUDLWHPHQWV FODVVLTXHV OHV FRUUpODWLRQV HQWUH OHV GRQQpHV






$ILQ GH GpWHFWHU OHV HUUHXUV SRWHQWLHOOHV GHV GRQQpHV GH SUpFLSLWDWLRQV RQ GRLW
LPSOpPHQWHUXQHPpWKRGRORJLHEDVpHVXUODFRPSDUDLVRQDXYRLVLQDJHGHFULWqUHVVWDWLVWLTXHV
HW FOLPDWRORJLTXHV FDOFXOpV SRXU FKDTXH SOXYLRPqWUH $YDQW G¶DSSOLTXHU OHV WHFKQLTXHV
JpRVWDWLVWLTXHV GDQV OH FKDSLWUH VXLYDQW RQ V¶HVW LQWpUHVVp DX[ SRVVLEOHV LPSDFWV GH
O¶RURJUDSKLH HW GH O¶26 VXU OD YDULDELOLWp GHV SUpFLSLWDWLRQV '¶DSUqV OHV FULWqUHV pYRTXpV
SUpFpGHPPHQWRQGpFLGHGHQpJOLJHUOHVHIIHWVGHFHVpOpPHQWVVXUOHWHUULWRLUHG¶pWXGHV
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013







$ O¶pFKHOOH LQWHUQDWLRQDOH OD YpULILFDWLRQ GH O¶KRPRJpQpLWp HW GH OD FRKpUHQFH GHV
GRQQpHVSOXYLRPpWULTXHVHVWUpDOLVpHGDQVGHQRPEUHX[FHQWUHVPpWpRURORJLTXHVH[*3&&
5XGROI HW DO  'DQV FH FKDSLWUH RQ DSSOLTXH XQ FRQWU{OH GH TXDOLWp GHV VpULHV
WHPSRUHOOHV HQ $PD]RQLH EUpVLOLHQQH /pJDOH SXLV RQ YpULILH OD FRKpUHQFH GH OD EDVH GH
UpIpUHQFHVXUODSpULRGH
 $SDUWLUGHV WHFKQLTXHVGpFULWHVDXFKDSLWUHSUpFpGHQW ODFRQVWUXFWLRQGH O¶LQGLFHGH
YDULDELOLWpGRLWSHUPHWWUHG¶REVHUYHUOHVGRQQpHVSOXYLRPpWULTXHVHUURQpHV/HVFULWqUHVGX9,
DSSRUWHQW OHV PRWLIV GH µVXVSLFLRQV¶ GHV GRQQpHV GpWHFWpHV 8QH pWXGH GH FDV LOOXVWUH OH







/D ILJXUH  PRQWUH OD GLVWULEXWLRQ GHV YDOHXUV GX 9, VXU OD SpULRGH 
FDOFXOpHVSRXUODSRSXODWLRQUHSUpVHQWDWLYHGXUDQJHNPFRPPHGpILQLGDQVODVHFWLRQ
/D ILJXUH  SUpVHQWH OHV ER[SORWV GHV  1' HW GH O¶LQGLFH GH YDULDELOLWp  SRXU OH FDV
UHSUpVHQWDWLIGXUDQJHGHNP




SUpVHQWH O¶pFKDQWLOORQQDJH GHV 9, DYHF XQ LQWHUYDOOH GH  2Q REVHUYH GDYDQWDJH GH 9,
QpJDWLIV/HVYDOHXUVIDLEOHVGHVFRUUpODWLRQVDYHFOHVVWDWLRQVYRLVLQHVHWODVRXVHVWLPDWLRQ
GHVWDX[GHSOXLHH[WUrPHVVRQW OHVSULQFLSDX[IDFWHXUVH[SOLFDWLIVGHVYDOHXUVQpJDWLYHVGHV
9,ILJXUH&HVUpVXOWDWVVRQWFRUURERUpVSDU OHV WUDYDX[GX*3&&5XGROIHWDO 
UDSSRUWHQWTXHGHVHUUHXUVV\VWpPDWLTXHVGHVPHVXUHVSDUOHVSOXYLRPqWUHVVRQWFDXVpHVSDUOD



















 /HV LQGLFHV 1'0$; 1':0$; HW 1'1%3 SUpVHQWHQW GHV LQWHUTXDUWLOHV HW
GLIIpUHQFHV HQWUH OHV YDOHXUV  PLQLPDOHV HW PD[LPDOHV LPSRUWDQWV &HV GLIIpUHQFHV
TXDQWLWDWLYHVVRQWH[SOLTXpHVSDU OHVIRUWHVYDULDELOLWpVVSDWLRWHPSRUHOOHVGHVLQGLFDWHXUVSULV
HQFRPSWH8QHYDOHXUGX1'1%3QpJDWLYHVLJQLILHXQHDEVHQFHGHUHSRUWGHSUpFLSLWDWLRQV
LQWHQVHV VXU OD SpULRGH pWXGLpH 8QH YDOHXU 1':0$; SRVLWLYH LQGLTXH XQH SpULRGH VDQV
SUpFLSLWDWLRQ VHQVLEOHPHQW SOXV ORQJXH TXH OHV SpULRGHV VqFKHV GHV VWDWLRQV YRLVLQHV /HV
1'$9*1':0($11''0($1HW1'1%3SRVVqGHQWGHVLQWHUTXDUWLOHVSOXVIDLEOHV
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
 
&KDSLWUH&RQWU{OHGHTXDOLWpGHVGRQQpHVSOXYLRPpWULTXHV
/HV LQGLFDWHXUVDIIHFWpV VRQWFDUDFWpULVpVSDUXQHFRQWLQXLWp VSDWLRWHPSRUHOOH(Q UpVXPp OD
PpGLDQH SURFKH GH  OH IDLEOH LQWHUTXDUWLOH HW OH IDLEOH pFDUW HQWUH OHV SUHPLHU HW GHUQLHU
GpFLOHV GX 9, SHUPHWWHQW GH GLUH TXH OD TXDVLWRWDOLWp GHV VWDWLRQV SOXYLRPpWULTXHV VRQW GH
ERQQHTXDOLWp2QSHXWFHSHQGDQWHQYLVDJHUG¶pWXGLHUOHVGLIIpUHQWV1'SRXUFKDTXHVWDWLRQ
/D ILJXUH  PRQWUH OD GLVWULEXWLRQ VSDWLDOH GX 9, HQ $PD]RQLH EUpVLOLHQQH /pJDOH
LQWHUSROpVXUXQHJULOOHUpJXOLqUHGH[SRXUOHUDQJHUHSUpVHQWDWLIGHNP/D
FDUWRJUDSKLH SUpVHQWH TXDWUH UpJLRQV FDUDFWpULVpHV SDU GHV 9, GLVWDQWV GH  /H WDEOHDX
UpSHUWRULH VL[ SOXYLRPqWUHV DYHF GHV GRQQpHV VXVSLFLHXVHV VpOHFWLRQQpHV j SDUWLU G¶XQ 9,




















$FUH       
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 




3DUD       
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SRXU OHV VWDWLRQVYRLVLQHV(QRXWUH FHWWH VWDWLRQ SUpVHQWHXQ1''0($1 pOHYp HW GHV
IDLEOHV 1':0($1  HW 1'1%3  (Q IDLW XQH UHFKHUFKH SOXV DSSURIRQGLH PRQWUH
TX¶HQ  OHV SpULRGHV KXPLGHV VqFKHV SRXU FHWWH VWDWLRQ GXUHQW HQ PR\HQQH  HW 
MRXUVUHVSHFWLYHPHQWDORUVTXHOHVYDOHXUVPR\HQQHVVRQWGHHWMRXUVSRXUOHVVWDWLRQV
YRLVLQHV GLVWDQFH LQIpULHXUH j  NP (Q RXWUH OD SURSRUWLRQ GH MRXUV DYHF XQ YROXPH
SUpFLSLWpVXSpULHXUjPPHVWGHFRQWUHSRXUOHYRLVLQDJH/HVSUpFLSLWDWLRQV
SHQWDGDLUHVPR\HQQHV FXPXOpHV 1'$9*  VRQWGHSRXU FHWWH VWDWLRQFRQWUH
PPSRXUOHYRLVLQDJH7RXWHVFHVLQIRUPDWLRQVLQGLTXHQWTXHODVWDWLRQ%HDEDVRXVHVWLPHOHV
SUpFLSLWDWLRQVHQ WHUPHVG¶RFFXUUHQFHVHWGHTXDQWLILFDWLRQ)LQDOHPHQW OD ILJXUHPRQWUH









































'HX[DSSURFKHVFRPSOpPHQWDLUHV VRQWXWLOLVpHVSRXU LVROHU OHVGRQQpHVTXDOLILpHVGH
µVXVSLFLHXVHV¶
L /D SUHPLqUH FRQVLVWH j pOLPLQHU OHV GRQQpHV GH SUpFLSLWDWLRQV GRQW OHV LQFUpPHQWV
TXDGUDWLTXHV ( GX YDULRJUDPPH VRQW VXSpULHXUV DX H SHUFHQWLOH GH FKDTXH FODVVH G¶LQWHU
GLVWDQFHV QRWDPPHQW GDQV OHV FRXUWHV LQWHUGLVWDQFHV &HWWH WHFKQLTXH HVW XWLOLVpH SDU




)LJXUH  ,OOXVWUDWLRQ GH OD WHFKQLTXH GH FRQWU{OH GH TXDOLWp G¶XQH VWDWLRQ SOXYLRPpWULTXH GDQV OHV





VRQW DQDO\VpHV GDQV XQH VHFRQGH pWDSH &HWWH SURFpGXUH HVW UpSpWpH SRXU OHV WURLV UDQJHV
GpILQLVGDQVODVHFWLRQ

 /D GLVSRQLELOLWp GHV EDVHV GH GRQQpHV SOXYLRPpWULTXHV UHWHQXHV DSUqV OH FRQWU{OH GH
TXDOLWpGpSHQGIRUWHPHQWGHODVpYpULWpGX4&TXLHVWDVVH]VXEMHFWLYH8QVHXLOSOXVUHVWULFWLI
DSSOLTXpDX[YDOHXUVDEVROXHVGX9,FRQGXLUDjXQHDQDO\VHSOXVFULWLTXHHWjpOLPLQHUSOXVGH
VWDWLRQV /D ILJXUHPRQWUH ODGLVSRQLELOLWpGHVEDVHVGHGRQQpHV UHWHQXHV HQ IRQFWLRQGX
VHXLOGHVYDOHXUVGHO¶LQGLFHGHYDULDELOLWpXWLOLVpHV





HW OD UHSUpVHQWDWLYLWp VSDWLDOHV HW FOLPDWRORJLTXHV GH O








/D FRKpUHQFH DPpOLRUpH GH ODEDVHGHGRQQpHVTXDOLWDWLYHPHQW FRQWU{OpH HVW pYDOXpH
DYHFOHYDULRJUDPPHTXLIRXUQLWGHVLQGLFDWLRQVVXUO¶pFKDQWLOORQQDJHGHODVWUXFWXUHVSDWLDOH
GHV SUpFLSLWDWLRQV SDU OH UpVHDX GHV VWDWLRQV $SUqV O¶DQDO\VH GX FRQWU{OH GH TXDOLWp OD












OD FRPSDUDLVRQ DYHF OH YRLVLQDJH HIIHFWXpH MXVTX
j  NP VRQW PHLOOHXUHV TXH OHV SpSLWHV
REWHQXHV DYHF OD FRPSDUDLVRQ MXVTX
j  NP /HV SRUWpHV GHV PRGqOHV DMXVWpV SRXU OHV
FRPSDUDLVRQV MXVTX
jNPVRQWVLJQLILFDWLYHPHQWSOXVpOHYpV !NPTXH OHVSRUWpHV
SRXU OHV FRPSDUDLVRQV MXVTX
j  NP   NP &HOD LQGLTXH TXH OD GLVWDQFH GH





















































QpFHVVDLUH HW WUqV LPSRUWDQWH SRXU DPpOLRUHU OD FRKpUHQFH GHV GRQQpHV SOXYLRPpWULTXHV GH
UpIpUHQFH







 /D WHFKQLTXH GX /22&9 PpWKRGH GH YDOLGDWLRQ FURLVpH SHXW rWUH XWLOLVpH DSUqV OH
NULJHDJHGHVGRQQpHVGHSUpFLSLWDWLRQVDXVRO ,FL ODWHFKQLTXHG¶LQWHUSRODWLRQXWLOLVpHHVW OH
NULJHDJHRUGLQDLUHHQEORF-RXUQHODQG+XLMEUHJWV/H/22&9FRQVLVWHjUHWLUHUXQH
SDUXQH ODPHVXUHG¶XQHVWDWLRQPpWpRURORJLTXHGXMHXGHGRQQpHVHWSUHQGUHHQFRPSWHOD
YDOHXU GX SRLQW LQWHUSROp /H SURFpGp HVW UpDOLVp G¶XQ SRLQW j O¶DXWUH %XUURXJK DQG
0F'RQQHOO%LYDQGHWDO3RXUWRXWHVOHVPHVXUHVRQREWLHQWOHVUpVLGXVGHOD
YDOLGDWLRQFURLVpHGpILQLVSDUODGLIIpUHQFHHQWUHODSUpGLFWLRQ35('HWO¶REVHUYDWLRQ2%68Q






 /HV QXDJHV GH SRLQWV D HW E GHV YDOHXUV SUpGLWHV HQ IRQFWLRQ GHV YDOHXUV




YRLVLQHV(QVXLWH RQ UpLWqUH FHWWH WHFKQLTXHDILQ GH FRPSDUHU OHV UHODWLRQV HQWUH OHVYDOHXUV
SUpGLWHVHWOHVYDOHXUVREVHUYpHVGHODEDVHGHGRQQpHVEUXWHHWGHODEDVHGHGRQQpHVDYHF9,
DSSDUWHQDQW j > @ SRXU OH UDQJH GH  NP &H WHVW HVW UpDOLVp VXU OHV FLQT FHQWV
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GH  FRUUHVSRQGDQW j OD UpVROXWLRQ GH OD JULOOH GH SURGXLWV XWLOLVpV GDQV FHWWH WKqVH j
SDUWLU GHV REVHUYDWLRQV GHV VWDWLRQV (Q SRQGpUDQW OHV SOXYLRPqWUHV LQGLYLGXHOOHPHQW
O
HVWLPDWHXU GH NULJHDJH HVW VDQV ELDLV HW OD YDULDQFH G
HVWLPDWLRQ HVW PLQLPLVpH /HEHO HW
$PDQL8QHGHVFULSWLRQGpWDLOOpHGHODWHFKQLTXHGHNULJHDJHHQEORFSHXWrWUHWURXYpH
GDQV.LUVWHWWHUHWDOHW/HEHOHW$PDQL/HNULJHDJHIDLWXVDJHGXYDULRJUDPPH
QRUPDOLVp /HEHO HW DO  /D YDULDQFH G
HVWLPDWLRQ GX NULJHDJH GRQQH XQH pYDOXDWLRQ
TXDQWLWDWLYH GH OD TXDOLWp GH O
HVWLPDWLRQ (OOH GpSHQG GX YDULRJUDPPH HW GH OD SRVLWLRQ






HVWLPDWLRQGH ODYDULDQFH HVW H[SULPpHHQSURSRUWLRQGH ODYDULDQFHGXFKDPS





















$SUqV DYRLU UpDOLVp OHV WHVWV GH VHQVLELOLWp OLpV j OD IRQFWLRQ YDULRJUDSKLTXH HW DX
/22&9 RQ GRLW V¶DVVXUHU TXH O
pOLPLQDWLRQ GH GRQQpHV GH SUpFLSLWDWLRQV µVXVSLFLHXVHV¶
Q
DIIHFWHSDVODUHSUpVHQWDWLYLWpGHODEDVHGHGRQQpHVUHWHQXH$SDUWLUGHVWUDYDX[G¶(VSLQR]D




V  DYJP 333  
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
$YHF 3P OHV GRQQpHV GH SUpFLSLWDWLRQV PHQVXHOOHV G¶XQH VWDWLRQ GRQQpH 3DYJ OD
PR\HQQHGHVSUpFLSLWDWLRQVGXPrPHPRLVFDOFXOpHSRXUWRXWHVOHVVWDWLRQVHW O¶pFDUWW\SH
GHODSRSXODWLRQ
3 SHUPHW GH FODVVHU OHV SOXYLRPqWUHV HQ IRQFWLRQ GH OHXU F\FOH DQQXHO
LQGpSHQGDPPHQWGXYROXPHSUpFLSLWp

/D FODVVLILFDWLRQDVFHQGDQWHKLpUDUFKLTXH &$+SHUPHWGHGpWHUPLQHU OHQRPEUHGH
FODVVHV RSWLPDOHV FRUUHVSRQGDQW DX[ GLIIpUHQWV UpJLPHV GH SUpFLSLWDWLRQV 2Q FDOFXOH OD
GLVWDQFH HXFOLGLHQQH HQWUH FKDTXH GRQQpH GH 3 3XLV OD WHFKQLTXH GX SOXV ORLQ YRLVLQ HVW




)LJXUH  'HQGRJUDPPH GH O¶LQGLFH 3 FRQVWUXLW j SDUWLU GH  SOXYLRPqWUHV FRQWU{OpV HQ$PD]RQLH
EUpVLOLHQQH/pJDOHVXUODSpULRGH

/D FODVVLILFDWLRQ.0($16GHV UpJLPHV GH SUpFLSLWDWLRQV V
















$PD]RQLH EUpVLOLHQQH /pJDOH VXU OD SpULRGH  /HV JUDSKLTXHV UHSUpVHQWHQW OHV SUpFLSLWDWLRQV
PHQVXHOOHVGHFKDTXHFODVVHVXUODFDUWH
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
/HVYROXPHV DQQXHOVPR\HQVGHVSUpFLSLWDWLRQVDXJPHQWHQW OH ORQJG
XQJUDGLHQWGH
&HQWUH6XG YHUV OH 1RUG GH O
$PD]RQLH EUpVLOLHQQH /pJDOH ILJXUH  G¶HQYLURQ 
PPDQDX6XGMXVTX
jSOXVGHPPDQDX1RUGGHODUpJLRQ&HWWHRSSRVLWLRQ1RUG
6XG VH UHIOqWH GDQV OD VWUXFWXUH GHV UpJLPHV GH SUpFLSLWDWLRQV DQQXHOOHV /HV KDXWHXUV GH
SUpFLSLWDWLRQV PD[LPXPV SHQGDQW O
pWp DXVWUDO 'pFHPEUH-DQYLHU)pYULHU FDUDFWpULVHQW OH
UpJLPH WURSLFDO DXVWUDO GDQV OH 6XG )LJXUH F FH TXL FRQWUDVWH DYHF OH UpJLPH WURSLFDO
ERUpDOGDQVOH1RUG2XHVWILJXUHD/
LQYHUVHHVWYUDLHQKLYHU-XLQ-XLOOHW$RW'DQV
OD SDUWLH 6XG OH UpFKDXIIHPHQW GHV VXUIDFHV WHUUHVWUHV HW OH GpEXW GH OD PRXVVRQ 6XG

























&HWWH FODVVLILFDWLRQ  GHV UpJLPHV DQQXHOV HVW FRPSDWLEOH DYHF OHV pWXGHV DQWpULHXUHV






 /¶LQGLFH GH YDULDELOLWp QRXV D SHUPLV GH GpWHFWHU OHV SOXYLRPqWUHV GRQW OHV GRQQpHV
VRQW FDUDFWpULVpHV SDU GH IRUWHV YDULDELOLWpV SDU UDSSRUW DX YRLVLQDJH HQ IRQFWLRQ GH WURLV
GLVWDQFHVGHFRPSDUDLVRQ/HVGLVWULEXWLRQVGX9,PRQWUHQWJOREDOHPHQWXQHYDULDELOLWpIDLEOH
TXLSHXWrWUHDVVRFLpHjXQHERQQHFRKpUHQFHGXMHXGHGRQQpHV7RXWHIRLVRQV¶HVWLQWpUHVVp
DX[ FULWqUHV VWDWLVWLTXHV HW FOLPDWRORJLTXHV FDOFXOpV SRXU OHV VpULHV SOXYLRPpWULTXHV




$SUqV FHWWH DQDO\VH HW O¶pOLPLQDWLRQ GHV GRQQpHV MXJpHV HUURQpHV OHV WHVWV GH
VHQVLELOLWp PRQWUHQW XQH DPpOLRUDWLRQ GH OD FRKpUHQFH GH OD EDVH GH GRQQpHV FRQWU{OpHV HW
LQWHUSROpHV$LQVL OHVSDUDPqWUHVYDULRJUDSKLTXHVDLQVLTXHODYDOLGDWLRQFURLVpHWpPRLJQHQW
G¶XQHGLPLQXWLRQGHODYDULDELOLWpGHVGRQQpHVSOXYLRPpWULTXHVQRWDPPHQWDX[FRXUWHVLQWHU




YRLVLQDJH GRLW rWUH OD SOXV IDLEOH SRVVLEOH DILQ G¶DPpOLRUHU OD GpWHFWLRQ GHV GRQQpHV
µVXVSLFLHXVHV¶ (QILQ O¶DQDO\VH FOLPDWRORJLTXH SDU OD FODVVLILFDWLRQ GHV UpJLPHV GH
SUpFLSLWDWLRQV DQQXHOOHV PHW HQ pYLGHQFH O¶HIILFDFLWp GH OD GpPDUFKH GpSOR\pH GDQV FH
FKDSLWUH/DILDELOLWpGHODEDVHGHVGRQQpHVSOXYLRPpWULTXHVHVWGRQFDVVXUpH&HWWHRSpUDWLRQ
QRXVSHUPHWG¶HQYLVDJHU ODYDOLGDWLRQHW LQWHU FRPSDUDLVRQGHVSURGXLWV VDWHOOLWDLUHVGDQV OD
SDUWLH2QUHWLHQWOHVYDOHXUVGHVEORFVNULJpVDSUqVOHFRQWU{OHGHTXDOLWpGHVGRQQpHVDYHF
XQ9,pJDOj&HFKRL[ULJRXUHX[HVWMXVWLILpSRXUGHX[UDLVRQV
 &HUWHV OD GLVSRQLELOLWp GH OD EDVH GH GRQQpHV HVW LQIpULHXUH j  PDLV O¶DQDO\VH
FOLPDWRORJLTXHQHPRQWUHSDVGHGpJUDGDWLRQGXVLJQDOFOLPDWLTXH
 /DYDOLGDWLRQVWDWLVWLTXHGHVSURGXLWV VDWHOOLWDLUHVHVW UpDOLVpHSDU ODFRPSDUDLVRQGHV
SL[HOV GH OD JULOOH VDWHOOLWDLUH DYHF OHV EORFV NULJpV 2U OH QRPEUH G¶pYqQHPHQWV
FRPSDUDEOHHVWLPSRUWDQWVXSpULHXUj
 
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
6\QWKqVHGHOD3DUWLH

/H FRQWU{OH GH TXDOLWp GHV GRQQpHV GH SUpFLSLWDWLRQV MRXUQDOLqUHV DX VRO HVW EDVp VXU
XQH DSSURFKH JpRVWDWLVWLTXH DSSURIRQGLH /¶K\SRWKqVH GH GpSDUW YHXW TXH OHV GRQQpHV GHV
VWDWLRQVPpWpRURORJLTXHVYRLVLQHVDLHQWGHVYDOHXUVSOXVSURFKHVHQWUHHOOHVTXH OHVGRQQpHV
GHV VWDWLRQV ORLQWDLQHV $ILQ GH FRPSDUHU FHV GRQQpHV HQWUH HOOHV XQH DSSURFKH














 8Q WHVW GH VHQVLELOLWp VXU OH 9, PRQWUH TXH OH FRQWU{OH GH TXDOLWp UpGXLW
FRQVLGpUDEOHPHQW O
LPSDFW GHV HUUHXUV GH PHVXUH GH OD EDVH GH GRQQpHV
SOXYLRPpWULTXHV &H WHVW PHW pJDOHPHQW HQ pYLGHQFH O











GHV GRQQpHV GpWDLOOpHV VXU OHV UpJLPHV GH SUpFLSLWDWLRQV DQQXHOOHV HQ $PD]RQLH
EUpVLOLHQQH /pJDOH /D FODVVLILFDWLRQ GHV UpJLPHV HVW FRPSDWLEOH DYHF GHV pWXGHV
SUpFpGHQWHV FH TXL FRQILUPH OD FRKpUHQFH GH OD QRXYHOOH EDVH GH GRQQpHV GHV
SUpFLSLWDWLRQVDXVRO
&HWWH DSSURFKH GH FRQWU{OH GH TXDOLWp SRXUUDLW rWUH DSSOLTXpH j G
DXWUHV UpJLRQV GX









XWLOLVHU OHV GRQQpHV DX VRO NULJpHV HQ EORF G¶XQH UpVROXWLRQ
VSDWLDOHGH[FRPPH43(GHUpIpUHQFHDILQG¶pYDOXHUOHVSURGXLWVVDWHOOLWDLUHVVXU
O
$PD]RQLH EUpVLOLHQQH /pJDOH /D YDOLGDWLRQ GHV SURGXLWV VDWHOOLWDLUHV 7500%Y
&0253+ HW 3(56,$11 HVW UpDOLVpH j SDUWLU G¶DSSURFKHV VWDWLVWLTXHV TXDOLWDWLYHV HW
TXDQWLWDWLYHV


















&KDSLWUH ,QIOXHQFHGHVVXUIDFHV WHUUHVWUHV VXU O¶HUUHXUG¶HVWLPDWLRQGHV
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SRXU OH VXLYL GHV SUpFLSLWDWLRQV HQ $PD]RQLH EUpVLOLHQQH $YDQW G¶DQDO\VHU O¶DSSRUW
FOLPDWRORJLTXHGHVSURGXLWVVDWHOOLWDLUHVVXUOHWHUULWRLUHG¶pWXGHSDUWLHLOHVWQpFHVVDLUHGH
TXDQWLILHUDXSUpDODEOH OHVHUUHXUVGHVHVWLPDWLRQVTXDQWLWDWLYHVGHVSUpFLSLWDWLRQV43(SDU
VDWHOOLWH $ SDUWLU GHV UpVXOWDWV G¶LQWHU FRPSDUDLVRQ GH GLIIpUHQWV SURGXLWV VDWHOOLWDLUHV RQ D
FKRLVLG¶DQDO\VHUWURLVSURGXLWVPXOWLFDQDX[&0253+3(56,$11HW7500%Y'H
QRPEUHXVHV pWXGHV pYRTXpHV SUpFpGHPPHQW FRPSDUHQW OHV SURGXLWV VDWHOOLWDLUHV DYHF OHV
GRQQpHVSOXYLRPpWULTXHVDXVROPDLVLOHVWUDUHTXHOHVHUUHXUVGHODEDVHGHUpIpUHQFHVRLHQW
SULVHV HQ FRPSWH H[ -REDUG HW DO  2U HQ JpRJUDSKLH &RUJQH  PRQWUH
OLPSRUWDQFH GH OD FRQVLGpUDWLRQ GH OLQFHUWLWXGH HW GH OLPSUpFLVLRQ GDQV OHV SURFHVVXV GH
PRGpOLVDWLRQ VSDWLDOH (Q WKpRULH LO H[LVWH GHX[ W\SHV GDSSURFKH PRGpOLVDWULFH XQH
DSSURFKHQRQDSSUR[LPDWLYHLHWXQHDSSURFKHDSSUR[LPDWLYHLL
L /DSSURFKH QRQ DSSUR[LPDWLYH FRPSUHQG OHV PRGqOHV µGXUV¶ UHJURXSDQW OHV
PRGqOHVHPSLULTXHVPpFDQLVWHVHWV\VWpPLTXHV
LL/DSSURFKHDSSUR[LPDWLYHSUHQGHQFRPSWH OH IORX OLQFHUWLWXGHHW OLPSUpFLVLRQ
GDQVOHVSURFHVVXVGHPRGpOLVDWLRQH[%DFKPDQQDQG$OOJ|ZHU*RRYDHUWV
 'DQV OD SDUWLH  DSUqV V¶rWUH DVVXUp GH OD ILDELOLWp GH OD EDVH GH GRQQpHV





/HFKDSLWUH HVW FRQVWUXLW VXUXQH DSSURFKHQRQDSSUR[LPDWLYHTXLQHSUHQGSDVHQ














$LQVL RQ V¶LQWpUHVVH j O¶LQIOXHQFH GH O¶26 VXU OHV 43( SDU VDWHOOLWH SDU XQ FDV G¶pWXGH HQ
$PD]RQLH PpULGLRQDOH 2Q FRPSDUH OH SURGXLW &0253+ HW OH SURGXLW 0LFURRQGHV
0:&20%VXUXQPLOLHXIRUHVWLHUHWXQPLOLHXGpIRUHVWp
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UpJLRQV GX PRQGH $ FH MRXU OHV WUDYDX[ GH O¶,QWHUQDWLRQDO 3UHFLSLWDWLRQ :RUNLQJ *URXS
,3:* SHUPHWWHQW G¶pYDOXHU OHV GLIIpUHQWV DOJRULWKPHV RSpUDWLRQQHOV HQ TXDVLWHPSV UpHO
'DQV FH FKDSLWUH RQ UpDOLVH OHV YDOLGDWLRQV TXRWLGLHQQHV GHV SURGXLWV VDWHOOLWDLUHV
7500%Y&0253+HW3(56,$11 HQ $PD]RQLHEUpVLOLHQQH /pJDOH VXU ODSpULRGH
/DSpULRGHG¶DQDO\VHHVWXQHGXUpHUHODWLYHPHQWFRQVpTXHQWHjO¶pJDUGGHODGDWH
GH PLVH j GLVSRVLWLRQ GHV SURGXLWV &0253+ HW 3(56,$11 DQQpH  /D UpVROXWLRQ
VSDWLDOH GH QRWUH EDVH GH GRQQpHV GH UpIpUHQFH HVW LGHQWLTXH j FHOOH GHV JULOOHV VDWHOOLWDLUHV
 [  FH TXL Q¶HVW SDV OH FDV GHV WUDYDX[ PHQpV SDU O¶,3:* j O¶pFKHOOH GH












 /D YDOLGDWLRQ GHV WURLV SURGXLWV VDWHOOLWDLUHV XWLOLVpV QpFHVVLWH GH FXPXOHU










FH TXL LPSOLTXH XQH HUUHXU pYLGHQWH GDQV OD YDOLGDWLRQ VWDWLVWLTXH /¶DOJRULWKPH
7500%YHUVLRQUHFKHUFKHSURGXLWGHV WDX[SUpFLSLWDQWjKK«MXVTX¶jK
3RXUODFRPSDUDLVRQRQpODERUHODJULOOHVDWHOOLWDLUHDFFXPXODQWOHVGRQQpHVGHK-j
K - /HV SURGXLWV &0253+ HW 3(56,$11 VRQW pJDOHPHQWPLV j GLVSRVLWLRQ VXU GHV
SpULRGHV GH  KHXUHV HW DFFXPXOpV GH K - j K - &HWWH FRUUHVSRQGDQFH KRUDLUH GHV












ORQJLWXGHV  j  /D SOXSDUW GHV WUDYDX[ GH YDOLGDWLRQ GH FH SURGXLW VDWHOOLWDLUH HVW
UpDOLVpH DYHF XQH EDVH GH UpIpUHQFH FRQVWLWXpH GH SOXYLRPqWUHV H[ WUDYDX[ GH O¶,3:*
(EHUW  9LOD HW DO  5RFD HW DO  &KDPERQ HW DO  $VVXUHU
O¶REMHFWLYLWpGHODYDOLGDWLRQHWFDUDFWpULVHUFRUUHFWHPHQWOHSURGXLWVDWHOOLWHLPSRVHQWO¶XVDJH
GHSOXYLRPqWUHV LQGpSHQGDQWVj VRQpODERUDWLRQ2U ODSUREOpPDWLTXHGH OD UHGRQGDQFHGHV
SOXYLRPqWUHVGHODEDVHGHUpIpUHQFHDYHFFHX[GX*3&&HVWVRXYHQWLJQRUpHH[%XDUTXHHW
DO  $ILQ G¶pYLWHU FH SUREOqPH GH QRPEUHX[ DXWHXUV V






OD FDOLEUDWLRQ GHV GRQQpHV ,5 HW 02 HVW UpDOLVpH SDU OD JULOOH TXL FRQWLHQW OHV GRQQpHV GX
*3&& LQWHUSROpHV (Q FODLU OHV SUpGLFWLRQV PHQVXHOOHV GHV YDOHXUV LQWHUSROpHV GX *3&&







pWXGH OHV VWDWLRQV $1$ DVVRFLpHV DX[ FHQWUHV GHV SL[HOV TXL SRVVqGHQW DX PLQLPXP XQH




































G¶HVWLPDWLRQV 2Q SHXW DLQVL FRPSDUHU OHV VpULHV WHPSRUHOOHV OHV GLVWULEXWLRQV FXPXOpHV
&XPXODWLYH 'LVWULEXWLRQ )XQFWLRQ &') RX OHV GLVWULEXWLRQV GH SUREDELOLWpV 3UREDELOOLW\
'LVWULEXWLRQ)XQFWLRQ3')GHVREVHUYDWLRQVDXVROHWGHVHVWLPDWLRQVSDUVDWHOOLWH+LUVFKHW
DO  /D &') IRXUQLW XQH LQIRUPDWLRQ VWDWLVWLTXH VXU OD GLVWULEXWLRQ GHV WDX[ GH SOXLH
DLQVLTXHVXUODVHQVLELOLWpJOREDOHGHVSURGXLWVHQIRQFWLRQGHVWDX[SUpFLSLWpV

LL3OXVLHXUV DXWHXUVRQW FRQVWUXLW GHV FULWqUHV VWDWLVWLTXHVSRXU ODYpULILFDWLRQ GHV43(SDU
VDWHOOLWH /HWWHQPDLHU DQG :RRG  /DXUHQW HW DO  (EHUW  -REDUG HW DO
'DQVFHWWHpWXGHODFRUUpODWLRQGH3HDUVRQ5OHELDLV(TOH5RRW0HDQ6TXDUH














































































HUUHXU &HW LQGLFH GRQQH SOXV GH SRLGV DX[ HUUHXUV LPSRUWDQWHV /H FRHIILFLHQW GH
GpWHUPLQDWLRQ5ðHVWOHFDUUpGXFRHIILFLHQWGHFRUUpODWLRQ,OMXJHGHODTXDOLWpGHODUpJUHVVLRQ






























Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
 
&KDSLWUH$QDO\VHVWDWLVWLTXHGHVHUUHXUVGHV43(SDUVDWHOOLWH
$ SDUWLU GH FHWWH WDEOH GH FRQWLQJHQFH TXDWUH LQGLFDWHXUV VWDWLVWLTXHV 6X HW DO 
:027'1R   pYDOXHQW OD SHUIRUPDQFH GHV PHVXUHV GHV SUpFLSLWDWLRQV SDU















(+LWV(76   

$YHF Q
)DOVH$ODUP+LWV0LVVHV+LWV(   

/H )%, HVW OH UDWLR HQWUH OH QRPEUH GH MRXUV SOXYLHX[ GpWHFWpV SDU VDWHOOLWH HW OHV
RFFXUUHQFHVPHVXUpHVSDUOHVVWDWLRQVPpWpRURORJLTXHV/DYDOHXUGX)%,HVWFRPSULVHHQWUH
HWf VL)%, DORUVO¶HVWLPDWLRQHVWLGpDOH/D32'LQGLTXHOHSRXUFHQWDJHGHGpWHFWLRQ
FRUUHFWH G¶pYqQHPHQWV SOXYLHX[ /D 32' HVW FRPSULVH HQWUH  SDV GH GpWHFWLRQ HW 
GpWHFWLRQ SDUIDLWH /H )$5 HVW OD SURSRUWLRQ G¶pYqQHPHQWV SOXYLHX[ GpWHFWpV SDU VDWHOOLWH
DORUVTXHODVWDWLRQDXVROQ¶HQUHJLVWUHSDVGHSUpFLSLWDWLRQ8Q)$5pJDOjpTXLYDXWjXQH
HVWLPDWLRQSDUIDLWHSDU OHSURGXLW VDWHOOLWDLUH /¶(76HVW OHQRPEUHG¶HVWLPDWLRQSDU VDWHOOLWH
G¶pYqQHPHQWVSOXYLHX[FRUUHFWVDMXVWpSDUXQHSRVVLELOLWp(TXLHVWGpWHUPLQpHSDUO¶K\SRWKqVH




LY /HV VWUXFWXUHV VSDWLDOHV GHV FKDPSV GH SUpFLSLWDWLRQV GHV SURGXLWV VDWHOOLWDLUHV VRQW
FRPSDUpHV DYHF FHOOHV GX SURGXLW GH UpIpUHQFH /¶DQDO\VH YDULRJUDSKLTXH GpFULWH GDQV OD
SDUWLHSHUPHWGHUHSUpVHQWHUODYDULDELOLWpGHV43(SDUVDWHOOLWHHQIRQFWLRQGHODGLVWDQFH
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SURGXLWV SDU VD PR\HQQH FRPSDUDWLYHPHQW SURFKH GH OD UpIpUHQFH &HV UpVXOWDWV SHXYHQW
V¶H[SOLTXHU SDU O¶LQWpJUDWLRQ GHV GRQQpHV GX *3&& /HV GHX[ SURGXLWV &0253+ HW
3(56,$11 VXUHVWLPHQW VHQVLEOHPHQW OHV SUpFLSLWDWLRQV 7RXV OHV SURGXLWV VRXVHVWLPHQW
O¶RFFXUUHQFHGHVSOXLHVSDU UDSSRUWj ODEDVHFHTXL WpPRLJQHGH ODGLIILFXOWpjGpWHFWHU OHV
SUpFLSLWDWLRQV GH IDLEOH LQWHQVLWp SDU VDWHOOLWH /H SRXUFHQWDJH G¶pYqQHPHQWV VXSpULHXUV j 
PPMRXU HVW YDULDEOH G¶XQ SURGXLW j O¶DXWUH DOODQW G¶XQH SURSRUWLRQ pJDOH j HQYLURQ 
SRXU&0253+jSRXU7500%Y&HWWHYDULDELOLWpVHUHWURXYHGDQVO¶DPSOLWXGH
GHVSUpFLSLWDWLRQVDYHFGHVpFDUWVW\SHVPR\HQVUHODWLYHPHQWGLIIpUHQWVHWSOXVIDLEOHVSRXUOD
EDVH GH GRQQpHV GH UpIpUHQFH 2Q SHXW SHQVHU TXH OH GpIDXW GH GpWHFWLRQ SDU VDWHOOLWH HVW
FRPSHQVpSDUGHV FXPXOVGH SUpFLSLWDWLRQVSOXV LPSRUWDQWV 8QHIIHW GH OLVVDJHGHVYDOHXUV
SOXYLRPpWULTXHVSDUNULJHDJHHQEORFVHVWOHSULQFLSDOIDFWHXUGHFHVFULWqUHVVWDWLVWLTXHVSRXU











































































GHV WURLV SURGXLWV VDWHOOLWDLUHV VRQW FDOFXOpHV VXU OHV VHSW DQQpHV GH OD SpULRGH G¶pWXGHV /D
ILJXUHPRQWUHTXHOHV43(SDUVDWHOOLWHRQWXQSURILOWHPSRUHOUHODWLYHPHQWSURFKHGHFHOXL
GHODEDVHGHUpIpUHQFH2QREVHUYHORJLTXHPHQWGHVSUpFLSLWDWLRQVSOXVLPSRUWDQWHVGXUDQWOD
VDLVRQ GHV SOXLHV HQ $PD]RQLH /HV GLIIpUHQFHV DEVROXHV HQWUH OHV PR\HQQHV GHV 43( SDU
VDWHOOLWHHW OD UpIpUHQFHVRQWFDUDFWpULVpHVSDUXQHGLVWULEXWLRQWHPSRUHOOHpTXLYDOHQWH ILJXUH
 &HOD VLJQLILH TXH OHV SURGXLWV VDWHOOLWDLUHV RQW GHV SUREOqPHV GH TXDQWLILFDWLRQ SOXV
LPSRUWDQWVSRXUOHVWDX[GHSOXLHSOXVpOHYpVOHVHUUHXUVGH43(SDUVDWHOOLWHGpSHQGHQWGX
FXPXO MRXUQDOLHU GH SOXLH /H SURGXLW 3(56,$11 HQUHJLVWUH OHV SOXV JUDQGHV HUUHXUV
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 
&KDSLWUH$QDO\VHVWDWLVWLTXHGHVHUUHXUVGHV43(SDUVDWHOOLWH
G¶HVWLPDWLRQ DYHF XQH VXUHVWLPDWLRQ IRUWH HQ  &HWWH LQIRUPDWLRQ HVW FRQILUPpH SDU OHV












/H SURGXLW GH UpIpUHQFH QH SRVVqGH TXH TXHOTXHV KDXWHXUV TXRWLGLHQQHV SUpFLSLWpHV
VXSpULHXUHVjPPMRXUFHTXLSHXWrWUHH[SOLTXpSDUXQHIIHWGHOLVVDJHGDXNULJHDJH
7500%YHW&0253+GpWHFWHQWGHVSUpFLSLWDWLRQVIRUWHVGDQVFHWWHJDPPHGHYDOHXUV
DORUV TXH 3(56,$11 SRVVqGH XQ QXDJH GH SRLQWV SOXV FRQFHQWUpV DYHF GHV YDOHXUV
PDMRULWDLUHPHQW LQIpULHXUHV j  PPMRXU /D &') LOOXVWUpH VXU OD ILJXUH  PRQWUH XQ
GpFDODJH HQWUH OHV 43( SDU VDWHOOLWH HW OHV 43( GH UpIpUHQFH 2Q QRWH SOXV GH GpWHFWLRQ
















pWXGHV SUpFpGHQWHV VXU O¶$PD]RQLH EUpVLOLHQQH /pJDOH $LQVL OHV WUDYDX[ PHQpV VXU





703$ &HV VXUHVWLPDWLRQV VH UHWURXYHQW GDQV OHV ELDLV HW 506( DEVROXV TXL UHVWHQW






7DEOHDX   5pVXOWDWV VWDWLVWLTXHV TXDQWLWDWLIV GH OD FRPSDUDLVRQ GHV 43( SDU VDWHOOLWH YV 43( GH
UpIpUHQFHHQ$PD]RQLHEUpVLOLHQQH/pJDOHVXUODSpULRGH

































IDLEOHV VRQW GpFURLVVDQWHV HQ IRQFWLRQ GHV WDX[ GH SOXLH GH UpIpUHQFH 3RXU XQ VHXLO GH 
PPMRXU FHW LQGLFDWHXU FKXWH DLQVL HQGHVVRXV GHSRXU OHV WURLVSURGXLWV VDWHOOLWDLUHV
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7DEOHDX   5pVXOWDWV VWDWLVWLTXHV TXDOLWDWLIV GH OD FRPSDUDLVRQ GHV 43( SDU VDWHOOLWH YV OHV 43( GH
UpIpUHQFH





















HQ IRQFWLRQ GHV WDX[ GH SUpFLSLWDWLRQV GH UpIpUHQFH $LQVL OD SUREDELOLWp GH GpWHFWHU GHV
pYqQHPHQWVGHPPMRXUSDUVDWHOOLWHORUVTXHOHWDX[GHSOXLHGHUpIpUHQFHHVWDXVVLGH
PPMRXU FKXWH j PRLQV GH  SRXU OHV WURLV SURGXLWV 3RXU FH PrPH VHXLO OH )$5
DXJPHQWHjSOXVGH&HVUpVXOWDWVVRQWSURFKHVGHVWUDYDX[GH9LODHWDO
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3RUWpH GH OD GLUHFWLRQ
SULQFLSDOHNP




























 /HV TXDWUH SURGXLWV RQW XQH GLUHFWLRQ SULQFLSDOH G¶DQLVRWURSLH GH  LQGLTXDQW GHV
JUDGLHQWV1RUG6XGGDQV OHVSOXLHV MRXUQDOLqUHV &HV UpVXOWDWV VRQW FRKpUHQWV DYHF OD
FODVVLILFDWLRQGHVUpJLPHVDQQXHOVGHSUpFLSLWDWLRQVFDUWRJUDSKLpVjSDUWLUGHVGRQQpHV
SOXYLRPpWULTXHV DX VRO /D SDUWLH VHSWHQWULRQDOH GH O¶$PD]RQLH SRVVqGH GHV WDX[ GH
SUpFLSLWDWLRQV SOXV LPSRUWDQWV DYHF XQH SOXV JUDQGH GLVFRQWLQXLWp TXH OD SDUWLH
PpULGLRQDOH
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 /HV SpSLWHV GHV YDULRJUDPPHV VRQW SOXV VLJQLILFDWLYHV SRXU OHV SURGXLWV VDWHOOLWDLUHV
FRPSDUpHV DX SURGXLW GH UpIpUHQFH ,O \ D GRQF SOXV GH GpVRUJDQLVDWLRQ GHV FKDPSV
VDWHOOLWHjILQHpFKHOOHTXLSHXWrWUHGXHjGXEUXLWGDQVOHSURFHVVXVG
HVWLPDWLRQRXj
XQH YDULDELOLWp GDQV OHV FKDPSV GH SUpFLSLWDWLRQ TXL Q




 /HV SRUWpHV GHV YDULRJUDPPHV GHV VDWHOOLWHV VRQW SOXV IDLEOHV TXH OD SRUWpH GH OD
UpIpUHQFH /HV FKDPSV GH SUpFLSLWDWLRQV SDU VDWHOOLWH VRQW PRLQV RUJDQLVpV j PpVR
pFKHOOHTXHFHX[GHODUpIpUHQFH





)LJXUH  6WUXFWXUHV VSDWLDOHVGHV43(GH UpIpUHQFH HQ IRQFWLRQGH O¶DQJOHG¶DQLVRWURSLH HQKDXWGHV
JUDSKLTXHVHQIRQGEHLJHVXUODSpULRGH

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





 /HV YDOLGDWLRQV HW LQWHU FRPSDUDLVRQV GHV SURGXLWV 7500%Y 3(56,$11 HW
&0253+ RQW pWp UpDOLVpHV HQ $PD]RQLH EUpVLOLHQQH /pJDOH VXU OD SpULRGH  /HV
FRPSDUDLVRQV GHV 43( SDU VDWHOOLWH DYHF OHV 43( GH UpIpUHQFH PRQWUHQW XQH VXUHVWLPDWLRQ
PR\HQQH SOXW{W IDLEOH GHV SUpFLSLWDWLRQV MRXUQDOLqUHV 7RXWHIRLV RQ UHOqYH GHV GpVDFFRUGV






















HQY  OHV RFFXUUHQFHV GH SUpFLSLWDWLRQV &HSHQGDQW LO H[LVWH GH UpHOV GpVDFFRUGV
TXDQWLWDWLIVHQWUHOHV43(SDUVDWHOOLWHHW OHV43(GHUpIpUHQFHQRWDPPHQWSRXUOHV WDX[GH
SOXLHSOXVpOHYpV&HVHUUHXUVGRLYHQWGRQFrWUHDQDO\VpHVjSDUWLUG¶XQPRGqOHG¶HUUHXU
 /D VHFWLRQ SUpFpGHQWH D SHUPLV GH TXDQWLILHU O¶DFFRUG HQWUH OHV PHVXUHV GHV





PRGpOLVDWLRQ K\GURORJLTXH /¶REMHFWLI HVW G¶pTXLSHU OHV HVWLPDWLRQV SDU VDWHOOLWH GH
FDUDFWpULVWLTXHV VLPSOHV GpFULYDQW OHV GLIIpUHQFHV V\VWpPDWLTXHV HW DOpDWRLUHV HQWUH OHV
HVWLPDWLRQVSDUVDWHOOLWHHWOHVSOXLHVGHUpIpUHQFHFRUUHVSRQGDQWH












HW DX SURGXLW VDWHOOLWH FRQVLGpUp 1RXV FDUDFWpULVRQV OH W\SH GH GLVWULEXWLRQ VWDWLVWLTXH TXH
VXLYHQW OHV UpVLGXV VDWHOOLWH HQ IRQFWLRQ GH O¶LQWHQVLWp GH SOXLH GH UpIpUHQFH GLVWULEXWLRQ
FRQGLWLRQQHOOH ,O V¶DJLW GRQF HQ IDLW G¶pWDEOLU XQH IDPLOOH GH GLVWULEXWLRQV GH SUREDELOLWp
FRQGLWLRQQHOOH I 5  5UHI FRQVWUXLWHV DYHF OHV SUpFLSLWDWLRQV GH UpIpUHQFH  UHI5  HW OHV
HVWLPDWLRQV SDU VDWHOOLWH  5  1RXV VpSDURQV OHV LQFHUWLWXGHV DVVRFLpHV DX[ HVWLPDWLRQV SDU
VDWHOOLWHHQXQHSDUWG¶HUUHXUV\VWpPDWLTXHHWXQHSDUWG¶HUUHXUDOpDWRLUH <DQJHWDO
.LUVWHWWHUHWDO
 /HV UpVLGXV VRQWGpILQLVFRPPH ODGLIIpUHQFH  UHI55  H 8QLTXHPHQW OHVSDLUHV
DYHF UHI5  HW 5  WRXV GHX[ SRVLWLIV VRQW FRQVLGpUpHV GDQV FHV FDOFXOV DILQ G¶pYDOXHU OHV
FDSDFLWpVGHVSURGXLWVjTXDQWLILHUOHVSUpFLSLWDWLRQVTXDQGLOSOHXW'DQVO¶pWXGHSUpOLPLQDLUH
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OHV WURLV SURGXLWV VDWHOOLWDLUHV HQ IRQFWLRQ GH OD SOXLH GH UpIpUHQFH 3RXU FKDTXH ILJXUH OD





)LJXUH 'LVWULEXWLRQFRQGLWLRQQHOOHGHVUpVLGXV7500%YHQ IRQFWLRQGH ODSOXLHGHUpIpUHQFH
VXUODSpULRGH











 &RPPH RQ SHXW OH FRQVWDWHU VXU OHV JUDSKLTXHV OHV GLVWULEXWLRQV FRQGLWLRQQHOOHV GH
UpVLGXVVRQWDV\PpWULTXHV'DQVFHFDVODPpGLDQHHVWSUpIpUDEOHjODPR\HQQHSRXUGpFULUH
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
ODFRPSRVDQWHV\VWpPDWLTXHGHVUpVLGXV/HELDLVV\VWpPDWLTXHELDLVFRQGLWLRQQHOHVWGRQF
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 
&KDSLWUH&RQVWUXFWLRQG¶XQPRGqOHG¶HUUHXUGHV43(SDUVDWHOOLWH













DQLVRWURSLH j FHOOHV GH OD UpIpUHQFH RX GX VDWHOOLWH
ILJXUHV &H UpVXOWDW HVW UHODWLYHPHQW LQWpUHVVDQW FDU LO FRQILUPH TXH OHV HUUHXUV GHV











3RUWpH GH OD GLUHFWLRQ
SULQFLSDOHNP
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 /HV SpSLWHV GHV YDULRJUDPPHV GHV UpVLGXV VRQW SOXV pOHYpHV TXH OHV SpSLWHV GH OD
UpIpUHQFHHWGXVDWHOOLWH ,GpDOHPHQWXQSURGXLWVDWHOOLWDLUHSDUIDLWSDU UDSSRUWj OD UpIpUHQFH
SURGXLUDLWGHV UpVLGXVFRPSOqWHPHQWGpVRUJDQLVpVHWGHVYDULRJUDPPHVSXUHPHQWSpSLWLTXHV
JUDQGH GLVFRQWLQXLWp j WRXWHV OHV LQWHUGLVWDQFHV 2Q SHXW GRQF GLUH TXH OHV SURGXLWV





OD UpIpUHQFH HW GX VDWHOOLWH ,GpDOHPHQWXQSURGXLW VDWHOOLWHSDUIDLW SDU UDSSRUW D OD UpIpUHQFH
SURGXLUDLWXQHSRUWpHQXOOHRXLQILQLH'HFHSRLQWGHYXH7500%YSUpVHQWHHQFRUH
OHV PHLOOHXUHV SHUIRUPDQFHV HW 3(56,$11 OHV PRLQV ERQQHV &H UpVXOWDW HVW LGHQWLTXH DX[
WUDYDX[GH5RFDHWDOHQ$IULTXHGHO¶2XHVWOHVDXWHXUVVXSSRVHQWTXHODFRUUHFWLRQ





)LJXUH  6WUXFWXUHV VSDWLDOHVGHV UpVLGXV 7500%Y HQ IRQFWLRQGH O¶DQJOH G¶DQLVRWURSLH VXU OD
SpULRGH














EUpVLOLHQQH/pJDOH ILJXUHV'HPDQLqUHJpQpUDOH OHV WURLVSURGXLWVVDWHOOLWDLUHVVRXV
HVWLPHQWOHVSUpFLSLWDWLRQVDX1RUGGHO¶$PD]RQLHDORUVTX¶LOVOHVVXUHVWLPHQWVXUOHUHVWHGX
WHUULWRLUH pWXGLp &HSHQGDQW RQ SHXW GH QRXYHDX GLVFULPLQHU OHV SURGXLWV &0253+ HW
3(56,$11 SDU UDSSRUW DX SURGXLW 703$ (Q HIIHW 2Q REVHUYH TXH OHV ELDLV GX
7500%Y VRQW JOREDOHPHQW SOXV IDLEOHV VXU WRXW OH WHUULWRLUH G¶pWXGHV V¶pFKHORQQDQW
SULQFLSDOHPHQW GH  j  PPMRXU &0253+ HW 3(56,$11 SRVVqGHQW GHV UpVLGXV SOXV
PDUTXpV $LQVL LOV HQUHJLVWUHQW GHV ELDLV QpJDWLIV LQIpULHXUV j  PPMRXU GDQV O¶(WDW GH







SUpFLSLWDQWV DSSHOpV ©QXDJHV FKDXGVª GH W\SH PDULWLPH 5REHUWV HW DO  GRQW OHV
SUpFLSLWDWLRQV QH VRQW SDV GpWHFWpHV FRUUHFWHPHQW SDU VDWHOOLWH (Q HIIHW FHV QXDJHV GH W\SH
FXPXOXV VRQW DVVRFLpV j GHV VRPPHWV GHV QXDJHV EDV HW GHV FRQWHQXV HQ FULVWDX[ GH JODFH
IDLEOHV5LFNHQEDFKHWDO&HODHVWG¶DLOOHXUVO¶XQGHVD[HVGHUHFKHUFKHGXSURJUDPPH




j  PPMRXU j O¶2XHVW GH O¶$PD]RQLH R OD IRUrW HVW SUpGRPLQDQWH 8QH pWXGH GH FDV HVW
SURSRVpHGDQVOHFKDSLWUH
 















/D FRQVWUXFWLRQ GX PRGqOH GHUUHXU HVW EDVpH VXU ODQDO\VH GHV UpVLGXV LVVXV GH OD
FRPSDUDLVRQ HQWUH OHV HVWLPDWLRQV TXDQWLWDWLYHV GHV SUpFLSLWDWLRQV 43( SDU VDWHOOLWH HW OHV
43(GHUpIpUHQFH
 'DQVXQSUHPLHU WHPSV OHPRGqOHDFRQVLVWpHQ O¶pWXGHGHVHUUHXUVV\VWpPDWLTXHVHW
DOpDWRLUHVHQIRQFWLRQGHVLQWHQVLWpVGHV43(SDUOHVWURLVSURGXLWV/HVHUUHXUVV\VWpPDWLTXHV
GHV 43( SDU VDWHOOLWH VRQW OpJqUHPHQW SRVLWLYHV MXVTX¶j XQ VHXLO GH SOXLH HVWLPpH GH 
PPMRXU SXLV HOOHV GHYLHQQHQW GH SOXV HQ SOXV QpJDWLYHV /HV HUUHXUV DOpDWRLUHV FURLVVHQW
DYHFO¶DXJPHQWDWLRQGHVLQWHQVLWpVGHV43(SDUVDWHOOLWH$LQVLRQREVHUYHTXHO¶LQFHUWLWXGH
GHV43(SDUVDWHOOLWHHVWUHODWLYHPHQW LPSRUWDQWHSRXUOHVIRUWV WDX[GHSOXLH&0253+HVW
FDUDFWpULVpSDUGHVHUUHXUV V\VWpPDWLTXHVHW DOpDWRLUHV UpVLGXHOOHV PRLQV LPSRUWDQWHVTXH OHV
GHX[DXWUHVSURGXLWVSRXUOHVIDLEOHVWDX[GHSOXLHVHVWLPpV
(QVXLWHO¶DQDO\VHGHVVWUXFWXUHVVSDWLDOHVGHVUpVLGXVVDWHOOLWHPRQWUHXQHRUJDQLVDWLRQ
GH O¶HUUHXU VHORQ XQ JUDGLHQW 1RUG6XG DQLVRWURSLH GH  /H SURGXLW 7500%Y
SUpVHQWHGHPHLOOHXUVUpVXOWDWVTXH&0253+HW3(56,$11HQWHUPHG¶pFKDQWLOORQQDJHGHV
UpVLGXV DYHF XQH SpSLWH SOXV LPSRUWDQWH &HV LQIRUPDWLRQV VRQW FRQILUPpHV SDU OHV
GLVWULEXWLRQVVSDWLDOHVGHVUpVLGXV$LQVLRQREVHUYHGHVVRXVHVWLPDWLRQVGHVSOXLHVDX1RUG
GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH HW XQH VXUHVWLPDWLRQ DX 6XG GH OD UpJLRQ SRXU OHV WURLV
SURGXLWV DYHF GHV UpVLGXV SOXV IDLEOHV SRXU 7500%Y 2Q SHXW VXSSRVHU TXH FHWWH














REVHUYDWLRQ GHV FKDQJHPHQWV G
RFFXSDWLRQ GHV VROV SHXW rWUH UpDOLVpH DYHF XQH
SUpFLVLRQVLJQLILFDWLYHjO
DLGHGHFDSWHXUVGHPR\HQQHjKDXWHUpVROXWLRQVSDWLDOH(QFHTXL












VDWHOOLWH VXU GHX[ VXUIDFHV WHUUHVWUHV DX[ SURSULpWpV SK\VLTXHV GLIIpUHQWHV  XQH VXUIDFH
IRUHVWLqUH HW XQH VXUIDFH GpIRUHVWpH HQ $PD]RQLH PpULGLRQDOH 3RXU FHOD RQ XWLOLVH GHX[







/H VXLYL GH O¶RFFXSDWLRQ GHV VROV HQ $PD]RQLH EUpVLOLHQQH SUpVHQWH GHV HQMHX[
SROLWLTXHVVRFLRpFRQRPLTXHVHWHQYLURQQHPHQWDX[/HWHUULWRLUHG¶pWXGHVHVWFDUDFWpULVpSDU
XQHGpIRUHVWDWLRQFURLVVDQWHTXLSRXUUDLW DWWHLQGUH OD VXSHUILFLHGX WHUULWRLUH IUDQoDLV VXU FHV




GpIRUHVWDWLRQGDQV OHVDQQpHVHQ OLHQDYHFXQHFURLVVDQFHGH O¶$JUREXVLQHVVGDQVFHW
(WDW'HPDQLqUHJpQpUDOHODSUR[LPLWpDYHFOHVYRLHVGHFRPPXQLFDWLRQIDYRULVHQWO¶DYDQFpH
GHODGpIRUHVWDWLRQHWGXIURQWSLRQQLHU'XEUHXLO




DLQVL OH GHYHQLU GHV pFRV\VWqPHV HQ SHUPHWWDQW O¶DXJPHQWDWLRQ GHV VXUIDFHV DJULFROHV HW OD
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GLPLQXWLRQ GHV VXUIDFHV IRUHVWLqUHV MXVTXHOj SOXV RX PRLQV ELHQ FRQVHUYpHV 'H PDQLqUH






GX SURMHW 5DGDPEUDVLO ODQFp HQ  OD FRXYHUWXUH GX WHUULWRLUH j XQH pFKHOOH ILQH GH  
   HVW UpDOLVpH j SDUWLU GH GRQQpHV UDGDU DpURSRUWp SXLV SOXV WDUG SDU GHV GRQQpHV
VDWHOOLWHV'HSXLVOHVDQQpHVSOXVLHXUVSURJUDPPHVGHUHFKHUFKHVHVRQWIRFDOLVpVVXUOD
UpDOLVDWLRQGHFDUWRJUDSKLHGHO¶26jO¶pFKHOOHPRQGLDOH LQFOXDQWDLQVL OH WHUULWRLUHG¶pWXGHV
2Q SHXW FLWHU OH *OREDO /DQG &RYHU */& +DQVHQ HW 5HHG  %DUWKRORPp HW
%HOZDUG  RX HQFRUH O¶,QWHUQDWLRQDO *HRVSKHUH%LRVSKHUH 3URJUDPPH 'DWD DQG
,QIRUPDWLRQ 6\VWHP ,*%3±',6&RYHU  PHQp SDU O¶86 *HRORJLFDO 6XUYH\ 86*6
/RYHODQG HW DO  /HV SURJUDPPH 7URSLFDO (FRV\VWHP (QYLURQPHQW REVHUYDWLRQ E\
6DWHOOLWH 75((6GLULJpSDUOH-RLQW5HVHDUFK&HQWHU -5&$FKDUGHWDOHW
*OREDO )RUHVW 5HVRXUFH $VVHVVPHQW )5$ GH OD )$2  VH IRFDOLVHQW WRXW
SDUWLFXOLqUHPHQW VXU OHV IRUrWV GH OD FHLQWXUH WURSLFDOH /¶DSSRUW GH OD WpOpGpWHFWLRQ HVW
LQGLVSHQVDEOHDILQGHFDUDFWpULVHUFHVJUDQGHVVXUIDFHVWHUUHVWUHVGRQW OHVFRXYHUWVYpJpWDX[
3OXVLHXUV FDSWHXUV GH EDVVHV j KDXWHV UpVROXWLRQV VSDWLDOHV VRQW XWLOLVpV DILQ GH FDUDFWpULVHU
O¶26'HODPrPHPDQLqUHTXHSRXUOHVFDSWHXUVGHVVDWHOOLWHVPpWpRURORJLTXHVODUpVROXWLRQ
VSDWLDOHGHVLQVWUXPHQWVHPEDUTXpVHVWLQYHUVHjOHXUUpVROXWLRQWHPSRUHOOH/DFRPELQDLVRQ
GHV GRQQpHV VDWHOOLWDLUHV SHUPHW DORUV GH SURILWHU GHV  DYDQWDJHV GHV GLIIpUHQWV W\SHV GH
FDSWHXUV-XVWLFHHWDO0D\DX[HWDO/HVGRQQpHVjEDVVHUpVROXWLRQVSDWLDOH
VRQW LVVXHV GHV VDWHOOLWHV 12$$$9+55 HW 63279(*(7$7,21 /HV GRQQpHV 02',6




GH  j  F





VHUYLU GH SURGXLW TXL SHUPHWWH G¶REVHUYHU O¶pYROXWLRQ UpJXOLqUH GH O¶26 HQ $PD]RQLH
EUpVLOLHQQH$FHWWHpFKHOOHUpJLRQDOHO¶XWLOLVDWLRQGHVFDSWHXUVjPR\HQQHHWKDXWHUpVROXWLRQ
HVWSUpIpUpHDILQGHUpDOLVHUXQHFDUWRJUDSKLHSOXVSUpFLVH+LVWRULTXHPHQWODGLVSRQLELOLWpGHV
GRQQpHV /$1'6$7 GqV OHV DQQpHV  D SHUPLV DX 7URSLFDO 5DLQ )RUHVW ,QIRUPDWLRQ
&HQWHU75),&GHO¶8QLYHUVLWpGX0LFKLJDQHWjO¶,13(6KLPDEXNXURHWDO+DQVHQ
HW DO  GH UpDOLVHU XQ VXLYL GH OD GpIRUHVWDWLRQ &HSHQGDQW FHV pWXGHV QH VRQW SDV
DXWRPDWLVpHV GX IDLW GH OD IDLEOH UpVROXWLRQ WHPSRUHOOH GHV GRQQpHV $ O¶DLGH GHV FDSWHXUV
/DQGVDW 7KHPDWLF 0DSSHU 70 HW (QKDQFHG 7KHPDWLF 0DSSHU 3OXV (70 O¶LQVWLWXWLRQ
EUpVLOLHQQH ODQFH OH3URJUDPDGH&DOFXORGR'HVIORUHVWDPHQWRQD$PD]RQLD 352'(6HQ
 352'(6 HVW XQ JUDQG SURMHW QDWLRQDO GH VXUYHLOODQFH GHV IRUrWV SDU WpOpGpWHFWLRQ  HW




GH  6KLPDEXNXUR HW DO  SURSRVHQW XQH PpWKRGRORJLH DILQ G¶DXWRPDWLVHU OH
SURFHVVXVG¶DVVLPLODWLRQGHVGRQQpHVVDWHOOLWHVHWGHFDUWRJUDSKLHGHO¶26

 /D UpVROXWLRQ VSDWLDOH GX 352'(6 HVW j FH MRXU OD SOXV ILQH HQ UDSSRUW DYHF OD






FRPELQpHV HW IRUPHQW DLQVL OH SURGXLW 'HWHFomR GH DUHDV GHVIORUHVWDGDV HP WHPSR UHDO
'(7(5 6KLPDEXNXUR HW DO  GLVSRQLEOH WRXWHV OHV GHX[ VHPDLQHV $UYRU 
VRXOLJQH TXH OH SURMHW '(7(5 GDQV OH FDGUH GX 352'(6  ©D SRXU REMHFWLI GH SHUPHWWUH
O¶LQWHUYHQWLRQUDSLGHVXU OH WHUUDLQG¶RUJDQLVPHVJRXYHUQHPHQWDX[ ,%$0$SRXUFRQWU{OHU
OD OpJDOLWp GHV RXYHUWXUHV GH IRUrW HIIHFWXpHVª JUkFH j VD IRUWH UpVROXWLRQ WHPSRUHOOH 8QH
YHUVLRQ LQWHUPpGLDLUH GX '(7(5 HVW QpH VXLWH j XQH pWXGH FULWLTXH GX 6HFUpWDULDW GH











SRXU GHV pWXGHV GH VpTXHVWUDWLRQ GH FDUERQH OD QRQ SULVH HQ FRPSWH GH OD YpJpWDWLRQ HQ
UpVLOLHQFHSRVHSUREOqPH)HDUQVLGHHW*XLPDUmHV'H)ULHVHWDO6KLPDEXNXUR






3RXU QRWUH SUREOpPDWLTXH RQ XWLOLVH OH SURGXLW 352'(6 TXL SHUPHW GH FRQVWDWHU OD
FRQWLQXLWpGH O¶pWDW DQQXHOGHVPLOLHX[ HQ IRUrW RXGpIRUHVWp VXU OHVTXHOV OHVSOXYLRPqWUHV
VRQW LQVWDOOpV GHSXLV  &HWWH PpWKRGH GH UHSUpVHQWDWLRQ FDUWRJUDSKLTXH HW G
HVWLPDWLRQ























&HV PRLV SOXV VHFV SHUPHWWHQW GH GLPLQXHU OD IRUWH SURSRUWLRQ QXDJHXVH VXU OHV GRQQpHV
RSWLTXHVHQ$PD]RQLH&HWWHVRXUFHPDMHXUHG
LQFHUWLWXGHGDQVOHFDOFXOGHVWDX[DQQXHOVGH
OD GpIRUHVWDWLRQ HVW YDULDEOH VHORQ OHV HVSDFHV GH OD IRUrW DPD]RQLHQQH FRQVLGpUpH 6HORQ
$VQHU  GDQV FHUWDLQHV UpJLRQV OD SUREDELOLWp G
REWHQLU GHV GRQQpHV G¶XQ V\VWqPH GH
WpOpGpWHFWLRQ RSWLTXH VDQV FRXYHUWXUH QXDJHXVH HVW LQIpULHXUH j  SRXU SUHVTXH WRXWH
O
DQQpH ILJXUH  /¶DSSRUW GH GRQQpHV &%(56 DLQVL TXH GHV LPDJHV GH UpIpUHQFH
RUWKRUHFWLILpH0U6,'SHUPHWGHOLPLWHUFHVEUXLWVSRXUOHVGRQQpHVGHVRUWLHGX352'(6&H
SURGXLW VHUW DXVVL GH GRQQpH G¶HQWUpH GDQV OH PRGqOH GH YpJpWDWLRQ XWLOLVp SRXU GHV pWXGHV





)LJXUH  3UREDELOLWpV PHQVXHOOHV G¶REWHQWLRQ GH VFqQHV /DQGVDW 70 DYHF DX PD[LPXP  GH
FRXYHUWXUHQXDJHXVH$VQHU

'DQVFHWWHpWXGHRQ FODVVH OHV]RQHVGpIRUHVWpHVDYDQWHW VXU ODSpULRGH
ILJXUH2QREVHUYHO¶$UFGHGpIRUHVWDWLRQH['XULHX[TXLV¶pWHQGGX1RUG
(VWGHO¶$PD]RQLHEUpVLOLHQQH/pJDOH(WDWGX7RFDQWLQVHW(VWGX3DUiYHUVOH6XGGHFHWWH
UpJLRQ (WDWV GX 0DWR *URVVR HW 5RQG{QLD /H IURQW SLRQQLHU H[ 'XEUHXLO  HVW













2QH[WUDLW TXDWRU]H VWDWLRQVPpWpRURORJLTXHV ILJXUH GH OD EDVHGH UpIpUHQFHTXL
VRQW GLYLVpHV HQ GHX[ JURXSHV GpWHUPLQpV SDU O
26 ILJXUH  /H FKRL[ GH FHV UpJLRQV
G
pWXGHV HVW H[SOLTXp SDU GHV SUpFLSLWDWLRQV DQQXHOOHV SURFKHV GH O
RUGUH GH PPDQ
$LQVLOHVVL[VWDWLRQVORFDOLVpHVHQIRUrWHWOHVKXLWVWDWLRQVVLWXpHVVXUXQVHFWHXUGpIRUHVWp
RQW UHVSHFWLYHPHQWGHV SUpFLSLWDWLRQVDQQXHOOHVPR\HQQHVGHPPDQ HWGH
PPDQ










'H SOXV OHV UpJLPHV DQQXHOV PR\HQV VRQW SURFKHV DYHF XQH SpULRGH SOXV VqFKH HQ
KLYHUDXVWUDOSRXU OHVHFWHXUGpERLVp ILJXUH(QHIIHWGXUDQWFHWWHSpULRGH OHVYROXPHV
SUpFLSLWpV VRQW TXDVLQXOV (Q pWp DXVWUDO RQ REVHUYH GHV YROXPHV SOXV LPSRUWDQWV SRXU OH
VHFWHXU GpERLVp DYHF GHV SUpFLSLWDWLRQV PHQVXHOOHV SURFKHV GH  PP DORUV TXH OHV
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SOXYLRPqWUHV HQPLOLHX IRUHVWLHU HQUHJLVWUHQW GHV SUpFLSLWDWLRQV LQIpULHXUHV jPPPRLV
SHQGDQWFH WULPHVWUH/HVGLIIpUHQFHVTXDQWLWDWLYHVGHVSUpFLSLWDWLRQVHWGHV UpJLPHVDQQXHOV
PR\HQVHQWUHOHVGHX[VHFWHXUVV¶H[SOLTXHQWSULQFLSDOHPHQWSDUXQHIIHW]RQDOH[(VSLQR]DHW
DO  $LQVL RQ SHXW SHQVHU TXH FH GLIIpUHQWLHO HQWUH OHV GHX[ VHFWHXUV FRUUHVSRQG DX










2Q XWLOLVH OD PrPH PpWKRGRORJLH TXH SUpFpGHPPHQW HQ VH IRFDOLVDQW VXU OHV
VWDWLVWLTXHV TXDQWLWDWLYHV (WDQW GRQQpH OD IDLEOH UpVROXWLRQ WHPSRUHOOH GX SURGXLW 02 RQ
UHWLHQWVHXOHPHQWOHVpYqQHPHQWVMRXUQDOLHUVGHV43(FRPPXQVDX[GHX[SURGXLWVVDWHOOLWDLUHV









































&HSHQGDQW VLRQFRUULJHFHVFULWqUHVSDU OHVSUpFLSLWDWLRQVDXVRO OHVELDLVHW506(
UHODWLIVFDOFXOpVSRXUOHVREVHUYDWLRQV!PPVRQWSOXVIDLEOHVGDQVODUpJLRQGpIRUHVWpH'H
SOXV GDQV FH VHFWHXU OHV GHX[ FULWqUHV VRQW pTXLYDOHQWV HQWUH OHV GHX[ SURGXLWV VDWHOOLWDLUHV
DYHF GHV ELDLV HW 506( UHODWLIV UHVSHFWLYHPHQW GH  HW GH  HQYLURQ (Q PLOLHX
IRUHVWLHU OHV HUUHXUV GHV 43( VRQW SOXV LPSRUWDQWHV SRXU OHV GHX[ SURGXLWV HW O¶pFDUW GHV
HUUHXUVGHV43(HQWUH&0253+HW0:&20%HVWSOXV IRUW&HFRQVWDW HVWDSSX\pSDU OHV
FRUUpODWLRQV OHV FRHIILFLHQWV GH GpWHUPLQDWLRQ HW OHV 6.,// 6FRUHV /HV FRHIILFLHQWV GH
GpWHUPLQDWLRQPRQWUHQWTXH OHV UpJUHVVLRQV OLQpDLUHVHQWUH OHV HVWLPDWLRQVSDU VDWHOOLWHHW OHV
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GLIIXVLRQ HW GH O¶DEVRUSWLRQ GHV K\GURPpWpRUHV PDLV DXVVL GHV VXUIDFHV WHUUHVWUHV
&KDPERQ/DTXDOLWpGHV43(SDUVDWHOOLWHHVWYDULDEOHVHORQODORQJXHXUG¶RQGHVGHV
FDSWHXUV02HWODWHQHXUHQKXPLGLWpGHVVXUIDFHVWHUUHVWUHVPHVXUpHV
Delahaye, Florian. Analyse comparative des différents produits satellitaires d’estimation des précipitations en Amazonie brésilienne - 2013
 
&KDSLWUH,QIOXHQFHGHVVXUIDFHVWHUUHVWUHVVXUO¶HUUHXUG¶HVWLPDWLRQGHVSUpFLSLWDWLRQVTXRWLGLHQQHVSDUVDWHOOLWHFDVG¶pWXGHVHQ$PD]RQLHPpULGLRQDOH
 &H FKDSLWUH HVW XQH DSSURFKH DILQ GH PRQWUHU OHV HQMHX[ GHV HUUHXUV GH PHVXUH GHV
SOXLHVSDU VDWHOOLWH&HWWH WKpPDWLTXHHVW UHODWLYHPHQW LPSRUWDQWHDILQGHPLHX[FRPSUHQGUH
OHVUpWURDFWLRQVHQWUHODSOXLHHWODIRUrWjO¶pFKHOOHGHO¶$PD]RQLHEUpVLOLHQQH
 
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6\QWKqVHGHOD3DUWLH

 &HWWH SDUWLH D GpWDLOOp O¶DQDO\VH GHV HUUHXUV GHV HVWLPDWLRQV TXDQWLWDWLYHV GHV
SUpFLSLWDWLRQV43(SDUVDWHOOLWHHQV¶DSSX\DQWVXUOHVGRQQpHVSOXYLRPpWULTXHVGHODEDVHGH
UpIpUHQFH /HV DQDO\VHV VWDWLVWLTXHV RQW pWp PHQpHV VXU OD SpULRGH  HQ $PD]RQLH
EUpVLOLHQQH /pJDOH 'HV DSSURFKHV TXDQWLWDWLYHV HW TXDOLWDWLYHV HW XQ PRGqOH G¶HUUHXU RQW
SHUPLV GH PLHX[ DSSUpKHQGHU OHV SHUIRUPDQFHV GHV WURLV SURGXLWV VDWHOOLWDLUHV UHWHQXV
&0253+3(56,$11HW7500%Y/HVELDLVHWOHVHUUHXUVGHV43(SDUVDWHOOLWHVRQW
UHODWLYHPHQW IDLEOHV DYHF XQH PHLOOHXUH SHUIRUPDQFH SRXU OH SURGXLW 7500%Y /HV
DFFRUGV HQWUH OHV SURGXLWV VDWHOOLWDLUHV HW OH SURGXLW GH UpIpUHQFH VRQW IDLEOHV DYHF GHV




SDU VDWHOOLWH V¶RUJDQLVHQW VHORQ XQH DQLVRWURSLH j  FH TXL PRQWUH TXH OHV SURGXLWV
VDWHOOLWDLUHVGpWHFWHQWOHVFKDPSVGHSOXLHVHORQXQJUDGLHQW1RUG6XG

 /H PRGqOH G¶HUUHXU EDVp VXU OHV UpVLGXV HQWUH OHV 43( SDU VDWHOOLWH HW OHV 43( GH
UpIpUHQFH HVW FDUDFWpULVp SDU XQH VRXVHVWLPDWLRQ V\VWpPDWLTXH GHV SURGXLWV VDWHOOLWDLUHV
MXVTX¶jXQWDX[GHSOXLHGHUpIpUHQFHpJDOjHQYLURQPPMRXU$XGHOjGHFHVHXLOO¶HUUHXU
V\VWpPDWLTXHGHYLHQWQpJDWLYHHWO¶HQVHPEOHGHVSURGXLWVVDWHOOLWDLUHVVRXVHVWLPHOHV43(GH
UpIpUHQFH /¶HUUHXU DOpDWRLUH SUpVHQWH XQH LQFHUWLWXGH FURLVVDQWH GHV 43( SDU VDWHOOLWH HQ
IRQFWLRQGHO¶DXJPHQWDWLRQGHVWDX[GHSOXLHGHUpIpUHQFH/HVVWUXFWXUHVVSDWLDOHVGHVUpVLGXV
VDWHOOLWHV UpYqOHQW XQH RUJDQLVDWLRQ GHV HUUHXUV VHORQ XQ D[H 1RUG6XG /HV GLVWULEXWLRQV
VSDWLDOHV GHV UpVLGXV VDWHOOLWHV PRQWUHQW GHV VRXVHVWLPDWLRQV GDQV OH 1RUG GX %UpVLO HW GHV
VXUHVWLPDWLRQV GDQV OH 6XG GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH 3DU FHV GLIIpUHQWV WHVWV OD
SHUIRUPDQFH GX SURGXLW 7500%Y HVW JOREDOHPHQW PHLOOHXUH TXH OHV GHX[ DXWUHV
SURGXLWVPDLV OHVHUUHXUVVRQWPLQLPLVpHVSDU O¶LQFOXVLRQGHVGRQQpHVGX*3&&/HSURGXLW
&0253+ SUpVHQWH GHV ERQQHV FDSDFLWpV j HVWLPHU HW GpWHFWHU OHV SUpFLSLWDWLRQV DYHF
QRWDPPHQWXQHHUUHXUV\VWpPDWLTXHSOXV IDLEOHTXH OHVGHX[DXWUHVSURGXLWVSRXU OHV IDLEOHV
LQWHQVLWpVGXSURGXLWGHUpIpUHQFH2QV¶HVWDORUVLQWHUURJpVXUOHVVXUHVWLPDWLRQVUHODWLYHPHQW
LPSRUWDQWHV REVHUYpHV QRWDPPHQW GDQV OHV UpJLRQV IRUHVWLqUHV GH O¶$PD]RQLH EUpVLOLHQQH
/pJDOH/¶pWXGHGHFDVVXUO¶LQIOXHQFHGHO¶RFFXSDWLRQGHVVROVVXUOHVHUUHXUVGHV43(UHVWH
XQH DSSURFKH &HSHQGDQW RQ QRWH TXH OH SURGXLW 0LFURRQGHV 0:&20% TXDQWLILH PRLQV
ELHQ OHV WDX[ GH SOXLH HQ PLOLHX IRUHVWLHU TX¶HQ PLOLHX GpERLVp 'H SOXV OH SURGXLW
PXOWLFDQDX[ &0253+ SUpVHQWH GH PHLOOHXUV UpVXOWDWV RQ SHXW GRQF VXSSRVHU TXH
O¶HVWLPDWLRQSDU0LFURRQGHVVHGpJUDGHHQIRUrW
 /¶DQDO\VH VWDWLVWLTXH GHV 43( SDU VDWHOOLWH PRQWUH GHV HUUHXUV VXU O¶HQVHPEOH GH OD
UpJLRQG¶pWXGHV&HVHUUHXUVGRLYHQWrWUHFRUULJpHVDILQGHUpDOLVHUXQHpWXGHFOLPDWRORJLTXH
PXOWLWHPSRUHOOH2QSRXUUDDORUVMXJHUGHO¶DSSRUWGHVGRQQpHVVDWHOOLWHVGDQVFHGRPDLQH
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(QVXLWH OHV GRQQpHV VDWHOOLWDLUHV FRUULJpHV VRQW XWLOLVpHV DILQ GH UpDOLVHU XQH
FOLPDWRORJLH GX WHUULWRLUH G¶pWXGHV j GLIIpUHQWHV pFKHOOHV WHPSRUHOOHV /D FODVVLILFDWLRQ GHV
UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV GRLW SHUPHWWUH GH PLHX[ FRPSUHQGUH OHV LPSDFWV GHV
FLUFXODWLRQVDWPRVSKpULTXHVV\QRSWLTXHVHWUpJLRQDOHV'HQRPEUHX[FULWqUHVFOLPDWRORJLTXHV






F¶HVW SRXUTXRL RQ Q
XWLOLVH TX¶XQ VHXO GHV SURGXLWV YDOLGpV /H FKRL[ GH O¶DOJRULWKPH
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 &H FKDSLWUH YLVH j VSDWLDOLVHU OHV SUpFLSLWDWLRQV PHVXUpHV SDU OH SURGXLW &0253+
FRUULJp VXU OD SpULRGH  DX[ pFKHOOHV VDLVRQQLqUH HW DQQXHOOH /D FRUUHFWLRQ GHV
JULOOHV VDWHOOLWDLUHV GRLW SHUPHWWUH G¶DPpOLRUHU OD SUpFLVLRQ GHV YROXPHV SUpFLSLWpV HQ
GLPLQXDQWOHVHUUHXUVGHVHVWLPDWLRQVTXDQWLWDWLYHVGHVSUpFLSLWDWLRQV43(SDUVDWHOOLWH/HV
FXPXOVGHSOXLHGXSURGXLW FRUULJp VRQW FRPSDUpV DYHF FHX[GXSURGXLWEUXW DILQGHPLHX[
ORFDOLVHUO¶DSSRUWGHODGpPDUFKH(QRXWUHRQPHWHQUHODWLRQOHVGLVWULEXWLRQVVSDWLDOHVGHV














 VRLW SDU XQH FRUUHFWLRQ DXWRPDWLTXH EDVpH VXU OHV UpVLGXV HQWUH OHV HVWLPDWLRQV SDU
VDWHOOLWHHWOHVWDX[GHSUpFLSLWDWLRQVPHVXUpVDXVRO
&HWWHGHUQLqUHPpWKRGRORJLHHVWODEDVHGHODFRQVWUXFWLRQGHO¶DOJRULWKPH&RVKGpYHORSSp
SDU 9LOD HW DO  /HV DXWHXUV FKHUFKHQW j GLPLQXHU OHV UpVLGXV VDWHOOLWHV SDU O¶DGGLWLRQ
HWRXODPXOWLSOLFDWLRQGHVELDLV&HVWHFKQLTXHVGHFRUUHFWLRQVRQWDSSOLTXpHVVXUOHSURGXLW












GX SURGXLW VDWHOOLWDLUH DX FXPXO GH SOXLH j OD VHQVLELOLWp GH OD UpIpUHQFH 7RXWHIRLV FHOD QH
SHUPHWSDVGHUpJOHUOHVSUREOqPHVGHGpWHFWLRQGHODSOXLH2QVXSSRVHGRQFTXHOHSURGXLW
VDWHOOLWDLUHGpWHFWH FRUUHFWHPHQW ODSOXLH3RXU MXVWLILHU FHWWHK\SRWKqVH RQQRWHTXH OH WDX[
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FXPXOpGHSOXLHGHUpIpUHQFHQRQPHVXUpSDU&0253+HVWQpJOLJHDEOHHWFRUUHVSRQGjXQH
GLIIpUHQFH IDLEOHGHVXU ODSpULRGHG¶pWXGHV2QSHXWGRQF UDLVRQQDEOHPHQW
DSSOLTXHUFHWWHPpWKRGRORJLH
 /D ILJXUHDPRQWUH OHVGLVWULEXWLRQVGHVTXDQWLOHVGHV WDX[GHSOXLH PHVXUpVSDU
&0253+ HW SDU OD UpIpUHQFH /HV GLIIpUHQFHV GHV GLVWULEXWLRQV GHV TXDQWLOHV GHV 43( SDU
VDWHOOLWH HW GHV 43( GH UpIpUHQFH SUpVHQWHQW XQH GLYHUJHQFH FURLVVDQWH DYHF O¶DXJPHQWDWLRQ
GHVTXDQWLOHVGHVWDX[GHSOXLHPHVXUpVSDU&0253+ILJXUHE2QDGGLWLRQQHDORUVFHWWH
GLIIpUHQFH GH GLVWULEXWLRQV DX[ YDOHXUV GHV SL[HOV GHV JULOOHV TXRWLGLHQQHV GX SURGXLW




























FH GHUQLHU PD[LPXP HVW HQ DFFRUG DYHF OHV GRQQpHV $1$ XWLOLVpHV GDQV FHWWH WKqVH /H
PLQLPXPHQUHJLVWUpGDQVOHQRUGHVWGX5RUDLPDSDUDvWSOXVHQDGpTXDWLRQDSUqVFRUUHFWLRQGX





SURGXLW7500%Y HW&0253+QRQFRUULJpV VXU ODSpULRGH VXU OH %DVVLQ






OHV SUpFLSLWDWLRQV DQQXHOOHV PHVXUpHV SDU OH SURGXLW 703$ ILJXUH D SOXV SURFKHV GHV
GRQQpHV DX VRO VRQW VHQVLEOHPHQW SOXV IDLEOHV j O¶2XHVW GH O¶$PD]RQLH DORUV TX¶HOOHV VRQW
SOXV IRUWHVDX1RUGHVW GH OD UpJLRQDYHFGHV WDX[VXSpULHXUVjPPDQ(QRXWUH OD
FRUUHFWLRQDSSRUWpHPHWDXVVLHQpYLGHQFHOH©FRXORLUVHFDPD]RQLHQªGpFULWSDU6HUYDQWHW
DOHW'XULHX[/H©FRXORLUVHFªV¶pWHQGHQWUHOH3DUDHW5RUDLPDOHORQJG¶XQ
D[H 1RUG2XHVW6XGHVW j  NP GHV F{WHV DWODQWLTXHV HW HVW FDUDFWpULVp SDU GHV IDLEOHV
SUpFLSLWDWLRQV DOODQW GH  j  PPDQ 'XULHX[  QRWH TXH FH VHFWHXU HVW
UHODWLYHPHQW SURSLFH DX[ VpFKHUHVVHV UHQIRUFpHV SDU OHV HIIHWV GX SKpQRPqQH (O 1LxR SDU
H[HPSOH HQ  &HV REVHUYDWLRQV FRQIRUWHQW OD FRKpUHQFH GHV FRUUHFWLRQV 7RXWHIRLV OHV
YROXPHVGHSOXLHVRQWUHODWLYHPHQWVRXVHVWLPpVDX1RUG(VWQRWDPPHQWGDQVO¶$PDSDSDU
UDSSRUW DX[ GRQQpHV SOXYLRPpWULTXHV DX VRO XWLOLVpHV GDQV QRWUH pWXGH FH TXL QRXV ODLVVH
SHQVHUTXHGDQVFHWWHUpJLRQODFRUUHFWLRQHVWHQFRUHWURSIDLEOH
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VDLVRQQLqUHV 3DLYD DQG &ODUNH  /HV FDUWRJUDSKLHV GHV SUpFLSLWDWLRQV VDLVRQQLqUHV
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DSSRUWpH HVW FRKpUHQWH SRXU OD UHSUpVHQWDWLRQ GHV YDULDWLRQV VSDWLRWHPSRUHOOHV GHV UpJLPHV
DQQXHOVGHVSUpFLSLWDWLRQVDVVRFLpHVDX[SHUWXUEDWLRQVV\QRSWLTXHVGpFULWVFLDSUqV

/HV YDULDWLRQV VSDWLRWHPSRUHOOHV GHV SUpFLSLWDWLRQV VDLVRQQLqUHV VRQW OLpHV DX
PRXYHPHQWVDLVRQQLHUGXPD[LPXPGHODUDGLDQFHVRODLUHTXLJXLGHODSRVLWLRQGHOD=&,7
OHV FLUFXODWLRQV GH OD PRXVVRQ HW OHV KDXWHV SUHVVLRQV VXEWURSLFDOHV +DVWHUQUDWK 
3DHJOH HW 0R  HW *DUUHDXG  PRQWUHQW O¶LPSRUWDQFH GHV LQWHUDFWLRQV HQWUH OHV
WURSLTXHVHWOHVODWLWXGHVPR\HQQHVGDQVO¶DFWLYLWpFRQYHFWLYHDX%UpVLO+RUHOHWDOHW
+DVWHQUDWK GpFULYHQW OHF\FOHDQQXHOGHO¶DFWLYLWpFRQYHFWLYHDVVRFLpDX[FLUFXODWLRQV
DWPRVSKpULTXHVGH OD FRXFKH VXSpULHXUHGH OD WURSRVSKqUH0DFKDGRHW DO PRQWUHQW




SRVVqGHGHV IDLEOHVSUpFLSLWDWLRQV V\QRQ\PHVGHVDLVRQVqFKH$ O¶LQYHUVHDX 6XGGH FHWWH
OLPLWH OD VDLVRQ KXPLGH HVW REVHUYpH DYHF GLPSRUWDQWV YROXPHV SUpFLSLWpV /HV IRUWHV
SUpFLSLWDWLRQVVRQWSURYRTXpHVSDU OD=&,7TXLPLJUHYHUV OH6XG6DSRVLWLRQPD[LPDOHDX
6XG HVW DWWHLQWH HQ PDUV SXLV VH UHWLUH YHUV OH 1RUG DYHF XQH SRVLWLRQ H[WUrPH HQ RFWREUH
$QJHOLVHWDO/HVPRXYHPHQWVGHOD=&,7VRQWSDUIDLWHPHQWYLVLEOHVVXUOHVILJXUHV
  HW  (Q 0$0 OH 6XG GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH HQ SDUWLFXOLHU
O¶(WDWGX0DWR*URVVRVXELWXQHGLPLQXWLRQSURJUHVVLYHGHVSUpFLSLWDWLRQVj O¶LQYHUVHGH OD
SDUWLH VHSWHQWULRQDOH (Q --$ FHWWH GHUQLqUH UpJLRQ EpQpILFLH HQFRUH GH O¶HIIHW GH OD =&,7
DORUV TXH OD PDMRULWp GX WHUULWRLUH pWXGLp VXELW XQH VDLVRQ VqFKH SOXV SURQRQFpH VHORQ XQ
JUDGLHQW1RUG6XG'HVHSWHPEUHjQRYHPEUHO¶LQIOXHQFHGHOD=&$6SURYRTXHXQJUDGLHQW
1RUG2XHVW6XG(VWGHVSUpFLSLWDWLRQV DYHFGHV YROXPHVGHSOXLHSOXV LPSRUWDQWV DX1RUG
2XHVW GH O¶$PD]RQLH $X 1RUG(VW OD VDLVRQ VqFKH HVW LQWHQVH DYHF GHV SUpFLSLWDWLRQV
LQIpULHXUHVjPPVRQSRXUFHUWDLQHVUpJLRQV
&HV FDUWRJUDSKLHV GHV SUpFLSLWDWLRQV VDLVRQQLqUHV PR\HQQHV VXU OHV VHSW DQQpHV
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
0D[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)LJXUH  9ROXPHV GH SOXLHV FRUULJpHV SHQGDQW OD VDLVRQ 621 GLIIpUHQFH HQWUH OH SURGXLW &0253+
FRUULJpHWQRQFRUULJp








&H FKDSLWUH D SUpVHQWp O¶DSSRUW GHV GRQQpHV VDWHOOLWDLUHV SRXU OD UpDOLVDWLRQ G¶XQH
FOLPDWRORJLHGHVSUpFLSLWDWLRQVDQQXHOOHVHWVDLVRQQLqUHVHQ$PD]RQLHEUpVLOLHQQH/pJDOHVXU
ODSpULRGH&HUWHV VHSWDQQpHVG¶pWXGHV VRQW ORLQGHV WUHQWHDQQpHVFDUDFWpULVDQW
XQHQRUPDOHFOLPDWLTXHPDLVFHWWHpWXGHD OHPpULWHG¶DSSRUWHUXQHSUpFLVLRQHQFRXUDJHDQWH
VXU OD VSDWLDOLVDWLRQGHVSOXLHVGDQV OD UpJLRQG¶pWXGHV3DUDLOOHXUV ODFRUUHFWLRQGHVJULOOHV




TXRWLGLHQQHV DX[ GHX[ pFKHOOHV XWLOLVpHV UHWUDQVFULW FRUUHFWHPHQW  OHV FDUDFWpULVWLTXHV GX
VFKpPDGHFRUUHFWLRQ

'¶XQ SRLQW GH YXH GH O¶pWXGH FOLPDWRORJLTXH OD FDUWRJUDSKLH GHV SUpFLSLWDWLRQV
DQQXHOOHV PRQWUH JOREDOHPHQW XQ JUDGLHQW (VW2XHVW DYHF GHV YROXPHV VXSpULHXUV j 
PPDQ GDQV O¶(WDW GH O¶$PD]RQDV $ O¶pFKHOOH VDLVRQQLqUH O¶DQDO\VH PRQWUH O¶LPSDFW GHV
FLUFXODWLRQV DWPRVSKpULTXHV GH JUDQGH pFKHOOH $LQVL O¶pYROXWLRQ GH ODSRVLWLRQ GH OD =&,7
V¶DMRXWHDXU{OHGHOD=&$6GRQW O¶DFWLYLWpHVWSOXV LQWHQVHHQSULQWHPSVHWpWpDXVWUDOSRXU
H[SOLTXHU OHV YDULDELOLWpV VSDWLRWHPSRUHOOHV GHV SOXLHV VXU OH WHUULWRLUH G¶pWXGHV 7RXWHIRLV
O¶LPSDFW GH SKpQRPqQHV FOLPDWLTXHV LQWHUDQQXHOV HVW LPSRVVLEOH j MXJHU j FHV pFKHOOHV
WHPSRUHOOHV'HSOXVLOHVWGLIILFLOHGHV\QWKpWLVHUVXUXQHFDUWRJUDSKLHOHVFDUDFWpULVWLTXHVGHV
SUpFLSLWDWLRQV SDU VHFWHXU /D FRQVLGpUDWLRQ GHV ]RQHV j ULVTXH VHQVLEOH DX[ IRUWHV
SUpFLSLWDWLRQVHVWHQRXWUHXQHQMHXLPSRUWDQW&¶HVWSRXUTXRLOHFKDSLWUHVXLYDQWHVWFRQVDFUp
j OD FODVVLILFDWLRQ GHV UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV DLQVL TX¶j O¶pWXGH GHV pYqQHPHQWV
H[WUrPHVHQ$PD]RQLHEUpVLOLHQQH/pJDOH
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 $SUqV DYRLU DQDO\Vp OHV SUpFLSLWDWLRQV DQQXHOOHV HW VDLVRQQLqUHV FH FKDSLWUH D SRXU
REMHFWLI G¶pWXGLHU OHV SOXLHV PHVXUpHV SDU VDWHOOLWH j GHV pFKHOOHV WHPSRUHOOHV SOXV ILQHV HQ
$PD]RQLHEUpVLOLHQQH/pJDOH,OV¶RUJDQLVHDXWRXUGHGHX[pFKHOOHVWHPSRUHOOHVO¶pFKHOOHGHV
UpJLPHVDQQXHOVGHVSOXLHVHWO¶pFKHOOHMRXUQDOLqUHDVVRFLpHDX[pYqQHPHQWVH[WUrPHV
'DQV OH FKDSLWUH  RQ D UpDOLVp XQH FODVVLILFDWLRQ GHV UpJLPHV DQQXHOV j SDUWLU GHV
GRQQpHV SOXYLRPpWULTXHV FRQWU{OpHV &HV GRQQpHV SRQFWXHOOHV VRQW PDUTXpHV SDU XQH
GLVFRQWLQXpVSDWLDOHGHO¶LQIRUPDWLRQ/¶DSSRUWGHODWpOpGpWHFWLRQGRLWSHUPHWWUHGHVXUPRQWHU
FHW LQFRQYpQLHQW /H SUHPLHU REMHFWLI GH FH FKDSLWUH HVW DORUV GH FDUWRJUDSKLHU OHV UpJLPHV
DQQXHOV j SDUWLU GHV GRQQpHV VDWHOOLWDLUHV HQ $PD]RQLH EUpVLOLHQQH /pJDOH /D VSDWLDOLVDWLRQ
GHV UpJLPHV GRLW rWUH MXVWLILpH SDU OHV YDULDELOLWpV VSDWLRWHPSRUHOOHV GHV FLUFXODWLRQV
DWPRVSKpULTXHV









 /HV UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV VRQW FODVVpV VXU O¶HQVHPEOH GH O¶$PD]RQLH
EUpVLOLHQQH /pJDOH DYHF O¶DLGH GHV GRQQpHV VDWHOOLWDLUHV VXU OD SpULRGH G¶pWXGHV /D
PpWKRGRORJLHGpSOR\pHVXUOHVGRQQpHVSOXYLRPpWULTXHVDXVROHVWXWLOLVpHLFLHQFRQVLGpUDQW
WRXV OHV SL[HOV DSSDUWHQDQW DX WHUULWRLUH DQDO\Vp /HV SDUDPqWUHV GH O¶pTXDWLRQ  VRQW
DGDSWpVjFHWWHpWXGH/¶LQGLFH3GHVSUpFLSLWDWLRQVPHQVXHOOHVHVWFDOFXOpVXUODSpULRGH
jSDUWLUGHVGRQQpHV&0253+FRUULJpHVHWQRQFRUULJpHV 3PFRUUHVSRQGDX[GRQQpHV
GH SUpFLSLWDWLRQV PHQVXHOOHV G¶XQ SL[HO GRQQp 3DYJ  HVW OD PR\HQQH GHV SUpFLSLWDWLRQV GX
PrPHPRLVFDOFXOpHSRXUWRXVOHVSL[HOVGHODJULOOHHW HVWO¶pFDUWW\SHGHODSRSXODWLRQ
(QVXLWHRQUpDOLVHODFODVVLILFDWLRQDVFHQGDQWHKLpUDUFKLTXH&$+TXLRQOHUDSSHOOHSHUPHW
GH GpWHUPLQHU OH QRPEUH GH FODVVHV RSWLPDOHV FRUUHVSRQGDQW DX[ GLIIpUHQWV UpJLPHV GH
SUpFLSLWDWLRQV2QFDOFXOHODGLVWDQFHHXFOLGLHQQHHQWUHFKDTXHGRQQpHGH3HWODWHFKQLTXHGX
SOXV ORLQ YRLVLQ HVW XWLOLVpH SRXU OLHU OHV FODVVHV /HV GHQGRJUDPPHV GHV LQGLFHV GHV
SUpFLSLWDWLRQVPHQVXHOOHV3DYDQWHWDSUqVFRUUHFWLRQGX&0253+RQWXQHRUJDQLVDWLRQWUqV
GLIIpUHQWH ILJXUH  (Q HIIHW SRXU OH SURGXLW FRUULJp OH SUHPLHU Q°XG GX GHQGRJUDPPH
SHUPHW OD GLVFULPLQDWLRQ GH GHX[ FODVVHV GRQW XQH FODVVH ODUJHPHQW SUpGRPLQDQWH j XQH















DIIHFWpV DX[ RQ]H FODVVHV TXL FRUUHVSRQGHQW DX[ RQ]H UpJLPHV GH SUpFLSLWDWLRQV DQQXHOOHV
GLIIpUHQWV ILJXUHV HW  /D FRPSDUDLVRQ DYHF OD FODVVLILFDWLRQGH ODSDUWLHSHXWQRXV





OHV FHQWDLQHV GH SOXYLRPqWUHV XWLOLVpV GDQV FHWWH pWXGH 'H SOXV LO SHUPHW GH
GpOLPLWHUJpRJUDSKLTXHPHQWFHVUpJLPHVGHPDQLqUHSOXVGpWDLOOpH
LL /DFRUUHFWLRQGXSURGXLW&0253+SHUPHWXQHFODVVLILFDWLRQSOXVHQUDSSRUWDYHF
FHOOH GHV GRQQpHV DX VRO /D OLPLWH GH OD FODVVH  HQ URXJH IRQFp GX SURGXLW
FRUULJpHVWSOXVPpULGLRQDOHTXH ODFODVVHFRPPHFHOOHVGHVFODVVHV EHW G
GHVGRQQpHV$1$/HVUpJLPHVGHVSUpFLSLWDWLRQVDQQXHOOHVFRUULJpHVHVWLPpHVSDU
OH &0253+ QH VRXIIUHQW SDV GH GLVFRQWLQXLWp VSDWLDOH LQWUDFODVVH FRPPH
REVHUYpH VXU OD ILJXUH 7RXWHIRLV RQ SHXW QRWHU TXH OHV YROXPHV GHV UpJLPHV
GpWHFWpVSDUOH&0253+QRQFRUULJpVRQWJOREDOHPHQWFRKpUHQWV





/D SDUWLH 6XG HVW FDUDFWpULVpH SDU O¶DOWHUQDQFH G¶XQH VDLVRQ KXPLGH HW G¶XQH VDLVRQ
VqFKHGHMXLQjVHSWHPEUH&HWWHGHUQLqUHFRwQFLGHDYHFOHUHWUDLWWRWDOGHOD=&,7GpMjpYRTXp
SUpFpGHPPHQWHWOHGpEXWGHODVDLVRQGHVSOXLHVV¶H[SOLTXHSDUODSpQpWUDWLRQGHIURQWVIURLGV






FRPPH XQH UpJLRQ GH WUDQVLWLRQ FOLPDWLTXH j PpVRpFKHOOH" 3OXVLHXUV pWXGHV VXU OHV
LQWHUDFWLRQVGHVVXUIDFHVHW OHVG\QDPLTXHVDWPRVSKpULTXHV pWD\HQWFHWWHREVHUYDWLRQj ILQH














)LJXUH  &ODVVLILFDWLRQ GHV UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV GX SURGXLW &0253+ FRUULJp VXU OD
SpULRGH

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
)LJXUH,OOXVWUDWLRQGXU{OHGH O¶$PD]RQHVXU ODFRXYHUWXUHQXDJHXVHjSDUWLUG¶XQH LPDJH*2(6
GDWpHGXMXLQ

/DVXEVLGHQFHDVVRFLpH jGHVFLUFXODWLRQV ORFDOHVDXQLYHDXGHV VXUIDFHVHQHDXSOXV





QXDJHXVH TXDVLVWDWLRQQDLUH j O¶LQWHUIDFH IRUrWIOHXYH /¶LPSDFW GHV VXUIDFHV HQ HDX VXU OD
IRUPDWLRQQXDJHXVHHWGRQFVXUOHVSUpFLSLWDWLRQVH[LVWHPDLVVRQLQIOXHQFHjPpVRpFKHOOHSDU
H[HPSOHSDUODVpSDUDWLRQGHUpJLPHVGHSUpFLSLWDWLRQVPRQWUpVLFLUHVWHQWjDSSURIRQGLU(Q
HIIHW OD OLPLWHGHODFODVVHQ¶HVWHOOHSDVSOXW{W ODFRQVpTXHQFHGHODSRVLWLRQPpGLDQHGHOD
=&,7",OIDXWGRQFUHVWHUSUXGHQWVXUOHU{OHGHO¶$PD]RQHYLVjYLVODVpSDUDWLRQGHVUpJLPHV
GHSUpFLSLWDWLRQV
$X 1RUG GH O¶$PD]RQH OD FODVVLILFDWLRQ GHV UpJLPHV HVW EHDXFRXS SOXV SUpFLVH SDU
UDSSRUWjFHOOH UpDOLVpHj O¶DLGHGHVSOXYLRPqWUHV2QREVHUYHXQJUDGLHQW2XHVW(VWDYHF OH
SDVVDJH SURJUHVVLI G¶2XHVW HQ (VW G¶XQ UpJLPH ELPRGDO FDUDFWpULVp SDU GHV WDX[ GH











OD SUpVHQFH RX O¶DEVHQFH GH OD =&$6 'XUDQW FHWWH SpULRGH OHV FODVVHV  HW  DYHF XQH
GLVFRQWLQXLWp GH OD FODVVH  VRQW VLWXpHV HQ ERUGXUH GH OD ]RQH G¶LQIOXHQFH V\QRSWLTXH HW
SRVVqGHQWGHVSUpFLSLWDWLRQVPHQVXHOOHVG¶HQYLURQPP'DQV OH1RUG(VW O¶DEVHQFHGH








QXOOHVGH MDQYLHUjPDUVDYHFXQ WRWDOGHSUpFLSLWDWLRQ UHODWLYHPHQW IDLEOHjPRLQVGH
PPDQ





OD VpSDUDWLRQGHV UpJLPHV DQQXHOVGHSUpFLSLWDWLRQVSDUXQ JUDGLHQW1RUG6XGHQ$PD]RQLH
EUpVLOLHQQH /pJDOH /H JUDGLHQW (VW2XHVW GHV UpJLPHV DX 1RUG GH O¶$PD]RQH HVW OLp j OD
SUpVHQFH GH OD =&$6 HW H[SOLTXH SULQFLSDOHPHQW OHXU GLYHUVLWp GDQV FHWWH UpJLRQ &HV







/H VXLYL GHV pYqQHPHQWV H[WUrPHV OLpV DX[ SUpFLSLWDWLRQV HVW UHODWLYHPHQW LPSRUWDQW
SRXUGHVSUREOpPDWLTXHVHQYLURQQHPHQWDOHVHWG¶DPpQDJHPHQWGXWHUULWRLUH&HVpYqQHPHQWV
VRQWGpILQLVG¶XQHSDUWSDUGHVYROXPHVGHSOXLHIRUWHPHQWpOHYpVSRXYDQWDORUVHQWUDvQHUGHV
FUXHV HW GHV LQRQGDWLRQV HW G¶DXWUH SDUW GHV SpULRGHV GH VpFKHUHVVH GRQW O¶LPSDFW VXU
O¶DJULFXOWXUH HW OHV FRPPXQDXWpV ULYHUDLQHV 'UDSHDX HW DO  HVW SUpMXGLFLDEOH &HV
GHUQLqUHVDQQpHVHQ$PD]RQLH OD UpSpWLWLRQG¶pYqQHPHQWVH[WUrPHV WHOVTXH OHVVpFKHUHVVHV
GH  HW  HVW SUpRFFXSDQWH HW GH QRPEUHX[ VFLHQWLILTXHV H[ 6DOHVND HW DO 
0DUHQJR  &RHOKR HW DO  FKHUFKHQW j HQ FRPSUHQGUH O¶RULJLQH HW pYDOXHU OHV
LPSDFWV HQYLURQQHPHQWDX[$X%UpVLO ODSUpYHQWLRQGHV FDWDVWURSKHVQDWXUHOOHV JOLVVHPHQW
GH WHUUDLQ LQRQGDWLRQV HWF HVW SULPRUGLDOH SXLVTXH FHV GHUQLqUHV SURYRTXHQW OD PRUW GH
QRPEUHX[LQGLYLGXVHWGHVGpJkWVPDWpULHOVFRQVLGpUDEOHV/¶RUJDQLVPHIpGpUDOGpGLpjFHWWH
WkFKHHVW OH&HQWUR1DFLRQDOGH*HUHQFLDPHQWRGH5LVFRVH'HVDVWUHV &(1$'FUppHQ
GX0LQVLWqUHGH O¶,QWpJUDWLRQ1DWLRQDOHHW FRRUGRQQpSDU OH6pFUpWDULDW1DWLRQDOGH OD

KWWSZZZLQWHJUDFDRJRYEUGHIHVDFLYLOFHQDGDSUHVHQWDFDR
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'pIHQVH &LYLO /H &(1$' UHJURXSH OHV LQIRUPDWLRQV GH GLIIpUHQWHV LQVWLWXWLRQV GX
JRXYHUQHPHQW IpGpUDO DVVRFLpHV DX[ SUpYLVLRQV GX WHPSV HW GHV WHPSpUDWXUHV DX[ ]RQHV
JpRORJLTXHVjULVTXHVjODVXUYHLOODQFHGHVPRXYHPHQWVWHFWRQLTXHVDX[FRQWU{OHVGHVIHX[HW
LQFHQGLHV GH IRUrW SDU H[HPSOH &H FHQWUH D GRQF SRXU REMHFWLI GH SUpYHQLU OHV SRWHQWLHOV
GpVDVWUHVQDWXUHOVHWG¶DOHUWHUOHVIRUFHVG¶LQWHUYHQWLRQFLYLOHDXQLYHDXORFDODILQG¶LQWHUYHQLU
VXUOHVUpJLRQVYXOQpUDEOHV3DUPLOHVLQVWLWXWLRQVSDUWHQDLUHVGX&(1$'HQOLHQDYHFFHWWH
pWXGH RQ UHWLHQW QRWDPPHQW O¶,%$0$ OH &HQWUR *HVWRU H 2SHUDFLRQDO GR 6LVWHPD GH
3URWHomR GD $PD]{QLD &(1,63$0 O¶,10(7 O¶$1$ OH &37(&,13( HW OH &HQWUR
1DFLRQDO GH 0RQLWRUDPHQWR H $OHUWDV GH 'HVDVWUHV 1DWXUDLV &(0$'(1 OLp DX 0LQLVWqUH
GHV6FLHQFHVGHV7HFKQRORJLHVHWGHO¶,QQRYDWLRQKWWSZZZFHPDGHQJRYEU&HGHUQLHU
EDVp j O¶,13( GDQV O¶(WDW GH 6mR 3DXOR HVW PLV HQ SODFH OD ILQ GH O¶DQQpH  SDU OH
JRXYHUQHPHQW GH 'LOPD 5RXVVHII ,O VXUYHLOOH GHV ]RQHV VHQVLEOHV GpILQLHV SDU GHV GRQQpHV
K\GURORJLTXHVHWJpRORJLTXHVHWFRXSOpHVDYHFGHVSUpYLVLRQVPpWpRURORJLTXHVHQWHPSVUpHO
(Q RFWREUH   FRPPXQHV EUpVLOLHQQHV VRQW VXUYHLOOpHV j O¶pFKHOOH GX SD\V (Q
$PD]RQLH EUpVLOLHQQH /pJDOH OHV WHUULWRLUHV VXLYLV VRQW UHODWLYHPHQW SHX QRPEUHX[ HW















PLHX[ GLDJQRVWLTXHU OHV IUpTXHQFHV HW LQWHQVLWpV GHV SOXLHV HQ $PD]RQLH $ XQH UpVROXWLRQ
VSDWLDOHGH[OHSURGXLWVDWHOOLWDLUHXWLOLVpRIIUHXQHSUpFLVLRQUHODWLYHPHQWFRUUHFWH
SRXU OH VXLYL GHV pYqQHPHQWV $LQVL RQ DQDO\VH GHV LQGLFDWHXUV VWDWLVWLTXHV VXU OHV 
SL[HOVH[WUDLWVGHVJULOOHVSHQGDQW OHVMRXUVG¶pWXGHVHQV¶DSSX\DQWVXUOHVFULWqUHVGHV
pYqQHPHQWVH[WUrPHVGpILQLVSDUO¶(7&&'0,$OH[HQGHUHWDO/¶LQWpUrWVHSRUWHVXU
OD GXUpH GH SpULRGH SOXYLHXVH HW QRQ SOXYLHXVH TXL SHXW JpQpUHU UHVSHFWLYHPHQW GHV
LQRQGDWLRQVHWGHVVpFKHUHVVHVVXUOHVWHUULWRLUHVFRQFHUQpV(QRXWUHRQDQDO\VHJOREDOHPHQW
OHV IUpTXHQFHV HW OHV LQWHQVLWpV GHV pYqQHPHQWV SOXYLHX[ $LQVL SRXU LOOXVWUHU FHWWH pWXGH
GHX[VHXLOVG¶LQWHQVLWpGHVSOXLHVVRQWUHOHYpVDILQGHPLHX[FRQVLGpUHUOHVUpJLRQVjSOXVIRUW
ULVTXH RQ FRQVLGqUH OHV SOXLHV IRUWHV VXSpULHXUHV j  HW WUqV pOHYpHV VXSpULHXUHV j 
PPMRXU

'H  j  OHV IUpTXHQFHV GHV pYqQHPHQWV SOXYLHX[ SOXLH !  PPMRXU
PHVXUpHVSDUVDWHOOLWHVRQWSOXVLPSRUWDQWHVDSUqVFRUUHFWLRQGXSURGXLW&0253+ILJXUH
$ O¶pFKHOOH GH O¶$PD]RQLH EUpVLOLHQQH /pJDOH OH SURGXLW &0253+ FRUULJp HVWLPH TX¶HQ
PR\HQQH LOSOHXWHQYLURQVL[ MRXUV VXUGL[FRQWUHFLQT MRXUV VXUGL[DYDQWFRUUHFWLRQVXU OD
SpULRGH pWXGLpH /D GLVWULEXWLRQ VSDWLDOH GH OD IUpTXHQFH GHV pYqQHPHQWV SOXYLHX[ HVW HQ
DFFRUG DYHF O¶LQWHQVLWp GHV WDX[ GH SOXLH DQQXHOOH $LQVL OHV SRXUFHQWDJHV G¶pYqQHPHQWV
SOXYLHX[ OHVSOXV pOHYpV DXGHVVXVGH VH VLWXHQW DX1RUG2XHVW GH O¶$PD]RQDV DORUV
TXH OHV SOXV IDLEOHV VRQW ORFDOLVpV HQYLURQ  DX 6XG(VW GH O¶$PD]RQLH EUpVLOLHQQH
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/pJDOHHQSDUWLFXOLHUGDQVOH7RFDQWLQVHW OH0DUDQKmR2QQRWHTXHOH1RUG(VW 1RUGGX
3DUi HW $PD]RQDV GX WHUULWRLUH HVW FDUDFWpULVp SDU XQH IUpTXHQFH G¶pYqQHPHQWV SOXYLHX[
LPSRUWDQWVDORUVTXH OHV WDX[GHSUpFLSLWDWLRQVDQQXHOVVRQW UHODWLYHPHQW IDLEOHV/¶HIIHWGHV







G¶LPSDFW PDMHXU VXU OHV UpVXOWDWV (Q HIIHW FRPPH OHV SUpFLSLWDWLRQV QXOOHV HVWLPpHV SDU OH
SURGXLW&0253+QHVRQWSDVPRGLILpHVRQWURXYHGHVLQGLFHVGHPR\HQQHVHWGHPD[LPXPV
GH MRXUV FRQVpFXWLIV DYHFSOXLH pJDX[6XU OHV VHSW DQQpHVG¶pWXGHVRQ D HQPR\HQQH
MRXUVGHSOXLH FRQVpFXWLIV HQ$PD]RQLH DYHFGHV H[WUrPHVDOODQW GH MRXUV MXVTX¶j
MRXUV(QVHIRFDOLVDQWPDLQWHQDQWVXU ODGXUpHPD[LPDOHGHSpULRGHKXPLGHILJXUHRQ




SpULRGH KXPLGH HQUHJLVWUpH V¶pOqYH j  MRXUV FRQVpFXWLIV G¶pYqQHPHQWV SOXYLHX[ DYHF XQ
PD[LPXPGHMRXUVGDQVO¶$PD]RQDV$SDUWTXHOTXHVH[FHSWLRQVVLJQDOpHVODGLVWULEXWLRQ
VSDWLDOH GHV PD[LPXPV GH MRXUV SOXYLHX[ FRQVpFXWLIV HVW VLPLODLUH DYHF FHOOH GHV SpULRGHV
VqFKHVPD[LPDOHVILJXUH&HWWHGHUQLqUHPRQWUHTXHOHVVHFWHXUVOHVSOXVWRXFKpVSDUGHV
ULVTXHV GH SpQXULH HQ HDX VRQW ORFDOLVpV GDQV OH 6XG(VW GH O¶$PD]RQLH 2Q REVHUYH TXH
GXUDQWODVDLVRQVqFKHO¶(VWGX0DWR*URVVRHWOH6XGGX7RFDQWLQVRQWHQUHJLVWUpXQHSpULRGH
PD[LPDOH VDQV pYqQHPHQWV SOXYLHX[ GH SOXV GH  MRXUV /HV SpULRGHV VqFKHV PD[LPDOHV
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 
&KDSLWUH$QDO\VHVGHVUpJLPHVDQQXHOVHWGHVpYqQHPHQWVH[WUrPHVGHVSUpFLSLWDWLRQVSDUVDWHOOLWH






)LJXUH  1RPEUH PD[LPDOGH MRXUVSOXYLHX[FRQVpFXWLIV VXSpULHXUVj PPMRXUGpWHFWpVSDU OH
SURGXLW&0253+FRUULJpVXUODSpULRGH

/HVGLVWULEXWLRQV VSDWLDOHVGHV IUpTXHQFHVGHVpYqQHPHQWVSOXYLHX[HW OHVGXUpHVGHV
SpULRGHV KXPLGHV HW VqFKHV VRQW UHODWLYHPHQW FRKpUHQWHV DYHF FHOOHV GHV YROXPHV GH SOXLH
DQQXHOOHHWGHVUpJLPHVDQQXHOVGHSUpFLSLWDWLRQV$LQVLRQREVHUYHXQFRQWUDVWHHQWUHOH1RUG
HW OD SDUWLH PpULGLRQDOH 6XG HW 6XG(VW GH O¶$PD]RQLH SOXV VXMHWWH DX[ VpFKHUHVVHV /HV
(WDWV GX 0DUDQKmR GX 7RFDQWLQV HW OD PRLWLp 6XG GX 0DWR *URVVR VRQW SDUWLFXOLqUHPHQW
DIIHFWpVSDUGHVSpULRGHVUHODWLYHPHQWORQJXHVVDQVSUpFLSLWDWLRQGHj





&HV OLPLWHV FOLPDWLTXHV FRUUHVSRQGHQW DXVVL DX[ OLPLWHV GH O¶$UF GH GpIRUHVWDWLRQ
GpFULW SDU 'XULHX[  2Q D YX TXH OD GpIRUHVWDWLRQ HVW SOXV IRUWH DX 6XG HW j O¶(VW GH
O¶$PD]RQLHSRXUGHVUDLVRQVGH©SUR[LPLWpJpRJUDSKLTXHª$LQVLODUHODWLRQGHVIUpTXHQFHV
HWGXUpHVGHVpYqQHPHQWVSOXYLHX[DYHFO¶26SRVHTXHVWLRQ$SDUWLUGHGRQQpHVVDWHOOLWDLUHV
FROOHFWpHVGHj'XULHX[HW DO PRQWUHQWTXH ODGpIRUHVWDWLRQDXJPHQWH OD
VDLVRQQDOLWpGH ODFRXYHUWXUHQXDJHXVH$LQVLSHQGDQW OD VDLVRQVqFKH O¶DFWLYLWpFRQYHFWLYH
GLPLQXH OD QXLW HW OH PDWLQ VXU OHV VHFWHXUV GpERLVpV &HWWH DQDO\VH HW QRV UpVXOWDWV ODLVVHQW
VXSSRVHUTXHODGpIRUHVWDWLRQHVWV\QRQ\PHGHULVTXHGHSpULRGHVqFKHSOXVSURQRQFpHGDQV
OHV UpJLRQVGpERLVpHVG¶DXWDQWSOXVTX¶LO H[LVWHUDLWXQ UHQIRUFHPHQWGHVFRQGLWLRQVH[WUrPHV
SDU GHV SURFHVVXV ELRORJLTXHV (Q HIIHW O
DXJPHQWDWLRQ GX UD\RQQHPHQW VRODLUH SHQGDQW OHV
SpULRGHVVqFKHVSHXYHQWVWLPXOHUODFURLVVDQFHGHVIRUrWVWURSLFDOHVSDUXQHDXJPHQWDWLRQGH
O¶DFWLYLWpSKRWRV\QWKpWLTXH *UDKDPHW DO 6DOHVNDHW DO :ULJWHW DO 
PDLV XQH SpULRGH VqFKH WURS ORQJXH SHXW SURYRTXHU OD IHUPHWXUH GHV VWRPDWHV HW PrPH OD
PRUWDOLWp GHV DUEUHV SDU XQ VWUHVV K\GULTXH LPSRUWDQW 1HSVWDG HW DO  %UDQGR HW DO
%UDQGRHWDOSUpFLVHQWTXHOHVVHXLOVjSDUWLUGHVTXHOVODVpFKHUHVVHFRPPHQFH
j UpGXLUH OD SURGXFWLYLWp QH VRQW SDV ELHQ FRQQXV $ SDUWLU GH GRQQpHV FOLPDWLTXHV HDX
GLVSRQLEOHSRXUOHVSODQWHVHWGpILFLWGHYDSHXUG¶HDXGDQVO¶DLUHWGHSKRWRV\QWKqVHGHVIRUrWV
LQGLFH GH YpJpWDWLRQ DPpOLRUp (9, OHV DXWHXUV REWLHQQHQW GHV UpVXOWDWV FRQWUDVWpV VXU OHV
FRXYHUWVYpJpWDX[FODLUVHPpVSDUH[HPSOHOHVSkWXUDJHVOHVIRUrWVVHFRQGDLUHVVDYDQH(Q
IRUrW GHQVH OHV UpVXOWDWV PRQWUHQW TXH OHV DUEUHV VRQW PLHX[ SURWpJpV FRQWUH OD VpFKHUHVVH
QRWDPPHQW JUkFH j XQ V\VWqPH UDFLQDLUH SOXV SURIRQG 1HSVWDG HW DO  *RHW] HW DO


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 
&KDSLWUH$QDO\VHVGHVUpJLPHVDQQXHOVHWGHVpYqQHPHQWVH[WUrPHVGHVSUpFLSLWDWLRQVSDUVDWHOOLWH





GH   FRQWUH   DYDQW FRUUHFWLRQ GX &0253+ /HV ILJXUHV  HW  PRQWUHQW OHV
GLVWULEXWLRQVVSDWLDOHVGHVpYqQHPHQWVSUpFLSLWDQWV LQWHQVHV!PPMRXUHW WUqV LQWHQVHV
!PPMRXUDSUqVFRUUHFWLRQ2QUHWURXYHXQHIUpTXHQFHG¶pYqQHPHQWVH[WUrPHVGDQVOHV
UpJLRQV R O¶DFWLYLWp FRQYHFWLYH HVW LPSRUWDQWH HW OD SOXV RUJDQLVpH /D UHODWLRQ HQWUH OD
GLVWULEXWLRQVSDWLDOHGHVpYqQHPHQWVLQWHQVHVDYHFOHVRFFXUUHQFHVGHV6&0DpWpUpDOLVpHORUV
GHODFDPSDJQH:HW6HDVRQ$WPRVSKHULF0HVRVFDOH&DPSDLJQ:(7$0&/%$jSDUWLUGH
GHX[PRLVGHGRQQpHV FRUUHVSRQGDQW j OD VDLVRQKXPLGH 'XULHX['HX[ UpJLRQVGH
IRUWHVRFFXUUHQFHVGHV6&0RQWpWpUHOHYpHVHWSHXYHQWDXVVLrWUHREVHUYpHVGDQVQRWUHpWXGH
/DUpJLRQGHVOLJQHVGHJUDLQVV¶pWHQGGHO¶2FpDQ$WODQWLTXHMXVTX¶DX7RFDQWLQV6RQDFWLYLWp
HVW IDYRULVpH SDU OD =&,7 HW OHV EULVHV GH PHU /H &HQWUH DPD]RQLHQ $PD]RQDV HVW
FDUDFWpULVp SDU GHV RFFXUUHQFHV GHV 6&0 pOHYpHV GRQW OHXUV GXUpHV GH YLH VRQW OHV SOXV
ORQJXHV VXU OH WHUULWRLUH G¶pWXGHV (Q RXWUH GHX[ DXWUHV UpJLRQV DYHF GHV RFFXUUHQFHV
LPSRUWDQWHV GHV pYqQHPHQWV H[WUrPHV HW GHV 6&0 VRQW PDUTXpHV SDU GHV SDUWLFXODULWpV
RURJUDSKLTXHV /¶H[WUrPH 1RUG2XHVW GH O¶$PD]RQDV HVW VLWXp HQWUH OH 6XG GX SODWHDX
FRORPELHQ HW OH 6XG GX SODWHDX GHV *X\DQHV 2Q \ REVHUYH SOXV GH  MRXUV GH WUqV IRUWHV
SUpFLSLWDWLRQVHWSOXVGHMRXUVGHIRUWHVSOXLHV/DVHFRQGHHVWXQHUpJLRQVLWXpHGDQVOH





OH 1RUG GX 5RUDLPD PDUTXpV SDU XQ UpJLPH WURSLFDOERUpDO Q¶HQUHJLVWUHQW TXH WUqV SHX
G¶pYqQHPHQWVH[WUrPHVGXIDLWG¶XQHDFWLYLWpFRQYHFWLYHSOXVORFDOLVpHHWPRLQVLQWHQVH

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)LJXUH 1RPEUHG¶pYqQHPHQWV H[WUrPHPHQW SOXYLHX[ WDX[ GHSOXLH ! PPMRXUGpWHFWpVSDU OH
SURGXLW&0253+FRUULJpVXUODSpULRGH

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 
&KDSLWUH$QDO\VHVGHVUpJLPHVDQQXHOVHWGHVpYqQHPHQWVH[WUrPHVGHVSUpFLSLWDWLRQVSDUVDWHOOLWH
WHPSRUHOOH GHV SOXLHV LQWHQVHV HVW OLpH j O¶LQWHQVLWp GH O¶DFWLYLWp FRQYHFWLYH PDLV UHVWH
UHODWLYHPHQWDOpDWRLUHjILQHpFKHOOHHWGHPHXUHGRQFSOXVGLIILFLOHjSUpYRLU/HVGHX[DXWUHV
UpJLRQVFDUDFWpULVpHVSDUGHVUpJLPHVDQQXHOVDOWHUQDQWXQHVDLVRQVqFKHHWXQHVDLVRQKXPLGH





&HV UpVXOWDWV VRQW HQ DFFRUG DYHF OHV WUDYDX[ GH 'H 6RX]D HW DO   $
SDUWLU GHV HVWLPDWLRQV SDU 7500 GH  j  GDQV OH 1RUG(VW GX %UpVLO OHV DXWHXUV
PRQWUHQW TXH OHV pYqQHPHQWV H[WUrPHV RQW OLHX SULQFLSDOHPHQW SHQGDQW OD VDLVRQ 0$0
/¶LPSDFW G¶(O 1LxR 3DFLILTXH HW GX JUDGLHQW 1RUG $WODQWLTXH GLPLQXH OD IUpTXHQFH GHV
SUpFLSLWDWLRQVIRUWHVFHTXLSHXWrWUHYpULILp ORUVGH O¶pSLVRGHSRXU OH3DUiGDQVQRWUH











GHV UpJLPHVDQQXHOVGHVSUpFLSLWDWLRQV HQ$PD]RQLHEUpVLOLHQQH/pJDOH&HUWHV ODGXUpHGH
O¶pWXGH±VHSWDQQpHVHVWIDLEOHPDLVODFDUWRJUDSKLHGHRQ]HUpJLPHVDQQXHOVHVWUHODWLYHPHQW
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SUpFLVHDYHFXQHDPpOLRUDWLRQFHUWDLQHSDUUDSSRUWjODFDUWRJUDSKLHUpDOLVpHDYHFOHVGRQQpHV
SOXYLRPpWULTXHVDXVRO$LQVLRQREVHUYHXQHVpSDUDWLRQ1RUG6XGGHODUpJLRQG¶pWXGHVDYHF
DX1RUGXQH IRUWHGLYHUVLILFDWLRQGHV UpJLPHV DQQXHOVDORUVTX¶XQ UpJLPHXQLPRGDOGRPLQH
GDQV OD SDUWLH PpULGLRQDOH GH OD UpJLRQ G¶pWXGHV /H F\FOH DQQXHO PR\HQ GHV FLUFXODWLRQV
DWPRVSKpULTXHV DYHF ODSRVLWLRQGH OD=&,7 OLpH jXQH IRUWH DFWLYLWp FRQYHFWLYHRUJDQLVpH







SOXLHV LQWHQVHV REVHUYpHV HQ $PD]RQLH FHQWUDOH (QILQ O¶DQDO\VH GH OD GXUpH GHV SpULRGHV
VqFKHVHWKXPLGHVPHWHQpYLGHQFHXQFRQWUDVWHHQWUHOH1RUGHW OH6XGGHO¶$PD]RQLHSOXV
SURSLFHDX[VpFKHUHVVHV











 FHWWH DSSURFKH DPpOLRUH OHV UpVXOWDWV HW SHUPHW GH OLPLWHU OHV HUUHXUV GHV 43( SDU
VDWHOOLWHJUkFH j OD FRPSDUDLVRQGHV3')GHV WDX[GHSOXLH VDWHOOLWH HW GHV WDX[GHSOXLHGH
UpIpUHQFH$ WUDYHUV O¶DQDO\VHPXOWLVFDODLUHGHVSUpFLSLWDWLRQVRQREVHUYHTXH ODFRUUHFWLRQ
UHVWH FRKpUHQWH DYHF O¶LQWpJUDWLRQ WHPSRUHOOH DQQpH VDLVRQ UpJLPH DQQXHO pYqQHPHQWV
H[WUrPHVHWDYHFODGLPLQXWLRQDXJPHQWDWLRQGHVWDX[GHSOXLHIRUWHPHQWpOHYpV IDLEOHV
2Q D SX QRWDPPHQW DPpOLRUHU OD FODVVLILFDWLRQ GHV UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV GH
PDQLqUHGpWDLOOpH
7RXWHIRLV LO UHVWH TXHOTXHV UpJLRQV SUREOpPDWLTXHV WHOOHV TXH OH 1RUG(VW GH
O¶$PD]RQLHROHSURGXLWVRXVHVWLPHOHVHVWLPDWLRQVUpHOOHVjFDXVHGHODSUpGRPLQDQFHGHV





SUpFLSLWDWLRQV VDLVRQQLqUHV HW DQQXHOOHV DLQVL TXH OHV UpJLPHV DQQXHOV VRQW OLpV DX[
FLUFXODWLRQV DWPRVSKpULTXHV V\QRSWLTXHV RUJDQLVpHV /D SRVLWLRQ GH OD =&,7 GpILQLW XQ
JUDGLHQW 1RUG6XG GHV UpJLPHV DQQXHOV GHV SUpFLSLWDWLRQV HQ $PD]RQLH EUpVLOLHQQH /pJDOH
DORUVTX¶HQ621ODSpQpWUDWLRQGHIURQWVIURLGVHWO¶DFWLYLWpGHOD=&$6GpOLPLWHQWODUpJLRQ
SDU XQ JUDGLHQW (VW2XHVW /D GLYHUVLWp GHV UpJLPHV DQQXHOV GDQV OD SDUWLH VHSWHQWULRQDOH




/HV RFFXUUHQFHV GH FHV GHUQLHUV VRQW UHODWLYHPHQW ELHQ FRUUpOpHV DYHF OHV RFFXUUHQFHV GHV
V\VWqPHV FRQYHFWLIV GH PpVRpFKHOOH SOXV LPSRUWDQWV HQ $PD]RQLH FHQWUDOH HW SOXV IDLEOHV
GDQV OH ©FRXORLU VHFª DPD]RQLHQ(QILQ OHVGLVWULEXWLRQV VSDWLDOHVGHVGXUpHVGHVSpULRGHV
VqFKHV HW GHV SpULRGHV KXPLGHV PD[LPDOHV VXU OD SpULRGH G¶pWXGHV SHXYHQW rWUH PLVHV HQ
UHODWLRQ DYHF O¶RFFXSDWLRQ GHV VROV &HSHQGDQW FHWWH REVHUYDWLRQ GRLW rWUH QXDQFpH FDU OHV
VHFWHXUV GpERLVpV DX 6XG VRQW DXVVL FDUDFWpULVpV SDU XQ UpJLPH XQLPRGDO DYHF XQH ORQJXH
SpULRGH VqFKH $ O¶LQYHUVH OH 1RUG GH O¶$PD]RQLH R OD IRUrW GHQVH HVW PDMRULWDLUHPHQW
SUpGRPLQDQWHUHoRLWGHVSUpFLSLWDWLRQVWRXWDXORQJGHO¶DQQpH

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VXU XQH DSSURFKH JpRVWDWLVWLTXH VROLGH DILQ GH FRQVWUXLUH XQH EDVH GH GRQQpHV
SOXYLRPpWULTXHV GH UpIpUHQFH (Q HIIHW G¶XQH SDUW OD ILDELOLWp GHV GRQQpHV IRXUQLHV SDU OHV
UpVHDX[ GH SOXYLRPqWUHV GRLW rWUH DVVXUpH SRXU DWWHLQGUH OHV REMHFWLIV WKpPDWLTXHV DYHF









HVW FRPSDUpH DYHF OHV GRQQpHV GHV VWDWLRQV YRLVLQHV HQ XWLOLVDQW TXDWRU]H LQGLFDWHXUV
FOLPDWLTXHVHW VWDWLVWLTXHV$LQVLXQ LQGLFHG¶LQFHUWLWXGHSHUPHWGHGpWHFWHUGHVGRQQpHVGH
SUpFLSLWDWLRQVµVXVSLFLHXVHV¶DVVRFLpHVjXQHWUqVIRUWHYDULDELOLWp/DFRKpUHQFHGHODEDVHGH
GRQQpHV HVW DORUV H[DPLQpH HQ XWLOLVDQW OHV SDUDPqWUHV GHV YDULRJUDPPHV HW XQH YDOLGDWLRQ
FURLVpH /D VHQVLELOLWp GX FRQWU{OH GH TXDOLWp DX[ GLVWDQFHV GH FRPSDUDLVRQ XWLOLVpHV HVW
pYDOXpH /HV UpVXOWDWV VRQWSRVLWLIVPRQWUDQWTXH OH UpVHDX pFKDQWLOORQQH PLHX[ OD VWUXFWXUH
VSDWLDOH GHV SUpFLSLWDWLRQV TXRWLGLHQQHV DSUqV OH FRQWU{OH GH TXDOLWp /D YDOLGDWLRQ FURLVpH
FRQILUPHODFRKpUHQFHDFFUXHGHODEDVHGHGRQQpHV(QILQODSUpFLVLRQGHODEDVHGHGRQQpHV
GHV SUpFLSLWDWLRQV HVW FRQILUPpH SDU XQH FODVVLILFDWLRQ GHV UpJLPHV DQQXHOV HQ $PD]RQLH
EUpVLOLHQQH /pJDOH FRKpUHQWH DYHF OD OLWWpUDWXUH /HV GRQQpHV SOXYLRPpWULTXHV DX VRO
FRQWU{OpHV VRQW HQILQ LQWHUSROpHV SDU NULJHDJH HQ EORFV TXL SUpVHQWH O¶DYDQWDJH j OD IRLV GH
UHSUpVHQWHU FRUUHFWHPHQW OHV FKDPSV GH SOXLH PHVXUpV PDLV DXVVL G¶H[WUDLUH OHV HUUHXUV GH
NULJHDJH

&HWWH PpWKRGRORJLH SHUPHW DORUV GH FRQIURQWHU TXRWLGLHQQHPHQW OHV HVWLPDWLRQV
TXDQWLWDWLYHV GHV SUpFLSLWDWLRQV 43( SDU VDWHOOLWH DYHF OHV 43( GH UpIpUHQFH 3RXU FHWWH
WKqVHWURLVSURGXLWVPXOWLFDQDX[7500%YHUVLRQUHFKHUFKH3(56,$11HW&0253+
VRQW pYDOXpV VXU OD SpULRGH  /D YDOLGDWLRQ D pWp PHQpH HQ WURLV pWDSHV
SULQFLSDOHVSDULGHVVWDWLVWLTXHVTXDOLWDWLYHVHWTXDQWLWDWLYHVLLODFRQVWUXFWLRQG¶XQPRGqOH
G¶HUUHXU HW LLL XQH DSSURFKH VXU OHV HUUHXUV GHV 43( SDU VDWHOOLWH HQ IRQFWLRQ GX W\SH
G¶RFFXSDWLRQ GHV VROV 26 /HV pWDSHV L HW LLL VRQW FRQVWUXLWHV VHORQ XQH DSSURFKH QRQ
DSSUR[LPDWLYH&RUJQH   F
HVWjGLUH TXH O¶RQ QH SUHQG SDV HQ FRPSWH O¶LQFHUWLWXGH
H[WUDLWHGH ODEDVHGHUpIpUHQFH/HPRGqOHG¶HUUHXU pWDSH LLVXLWXQHGpPDUFKHUREXVWHHQ
pOLPLQDQWOHVGRQQpHVSOXYLRPpWULTXHVWUqVLQFHUWDLQHV
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L2QSHXWUHOHYHUSOXVLHXUVSRLQWFOpVGHVUpVXOWDWVVWDWLVWLTXHV*OREDOHPHQWOHVELDLVHWOHV
HUUHXUVGHV43(SDUOHVWURLVSURGXLWVVDWHOOLWHVUHVSHFWLYHPHQWGHO¶RUGUHGHHWVRQW




SOXYLHX[ 7RXWHIRLV FHV FULWqUHV VWDWLVWLTXHV VH GpJUDGHQW HQ IRQFWLRQ GHV VHXLOV GH
SUpFLSLWDWLRQVGRQQpV$WLWUHG¶H[HPSOH OHVFRUUpODWLRQVSDVVHQWG¶HQYLURQjSRXU
OHV WURLVSURGXLWVSRXUXQVHXLOGX WDX[GHSOXLHGHUpIpUHQFHGHPPMRXU(QRXWUH OHV
VWUXFWXUHVVSDWLDOHVGHVWURLVSURGXLWVVRQWFDUDFWpULVpHVSDUXQHDQLVRWURSLHVHORQXQJUDGLHQW
1RUG6XG&HVUpVXOWDWVVRQWFRKpUHQWVDYHFO¶RUJDQLVDWLRQREVHUYpHGHVFKDPSVGHSOXLHHQ
$PD]RQLH EUpVLOLHQQH /pJDOH DYHF GHV WDX[ GH SOXLH SOXV LPSRUWDQWV GDQV OD SDUWLH
VHSWHQWULRQDOH 2Q SHXW GRQF GLUH TXH O¶pFKDQWLOORQQDJH SDU OHV SURGXLV VDWHOOLWDLUHV HVW
FRUUHFWHDYHFXQHPHLOOHXUHSHUIRUPDQFHSRXUOHSURGXLW7500%Y

LL /H PRGqOH G¶HUUHXU PRQWUH TXH OHV UpVLGXV HQWUH OHV 43( SDU VDWHOOLWH HW OHV 43( GH
UpIpUHQFH GHYLHQQHQW QpJDWLIV j SDUWLU G¶XQ VHXLO GH UpIpUHQFH G¶HQYLURQ  PPMRXU /HV
UpVLGXVGHVWURLVSURGXLWVVHGpJUDGHQWIRUWHPHQWHQIRQFWLRQGHO¶DXJPHQWDWLRQGHVLQWHQVLWpV
GHUpIpUHQFHVRXVHVWLPDWLRQFHTXLLOOXVWUHOHVGLIILFXOWpVGHVVDWHOOLWHVjPHVXUHUOHVIRUWHV
LQWHQVLWpV GH SUpFLSLWDWLRQV /¶DQDO\VH GHV VWUXFWXUHV VSDWLDOHV GHV UpVLGXV SUpVHQWH GHV
DQLVRWURSLHV DYHF GHV FDUDFWpULVWLTXHV VLPLODLUHV j FHOOHV GH OD UpIpUHQFH RX GX VDWHOOLWH&H
UpVXOWDW FRQILUPH TXH OHV HUUHXUV GHV 43( SDU VDWHOOLWH VRQW GpSHQGDQWHV GHV WDX[ GH
SUpFLSLWDWLRQV (QILQ OHV GLVWULEXWLRQV VSDWLDOHV GHV UpVLGXV PRQWUHQW XQ JUDGLHQW 1RUG6XG
SRXUOHVSURGXLWV&0253+HW3(56,$11DYHFXQHVRXVHVWLPDWLRQJOREDOHGDQVOH1RUG(VW
GH O¶$PD]RQLH 2Q SHXW H[SOLTXHU FHV UpVXOWDWV SDU GHV FDUDFWpULVWLTXHV GLIIpUHQWHV GHV
V\VWqPHVSUpFLSLWDQW OLpVj ODEULVHGHPHUGDQVFHWWH UpJLRQ/HSURGXLW&0253+SUpVHQWH





SUpOLPLQDLUHPDLV LO HQ UHVVRUWTXHOTXHV UpVXOWDWV LQWpUHVVDQWV$LQVL OHSURGXLW 0LFURRQGHV
02 0:&20% SUpVHQWH XQH PRLQV ERQQH SHUIRUPDQFH TXH OH SURGXLW PXOWLFDQDX[
&0253+HQ IRUrW HW HQPLOLHXGpERLVp FHTXL PRQWUH O¶DSSRUWEpQpILTXHGHVGRQQpHV ,5
SRXUXQHPHLOOHXUHHVWLPDWLRQGHV43((QVXLWH OHVPHVXUHVSDU02VHGpJUDGHQWHQ IRUrW
SDUUDSSRUWjFHOOHVUpDOLVpHVHQPLOLHXGpERLVp2QSHXWGRQFSHQVHUTXHO¶HIIHWGHODIRUrWHVW




(QILQ O¶DSSRUW FOLPDWRORJLTXH GHV SURGXLWV VDWHOOLWDLUHV HVW FRQVLGpUp HQ $PD]RQLH
DYHFOHSURGXLW&0253+2QDXWLOLVpFHSURGXLWFDULOQ¶LQFOXWSDVGHGRQQpHVDXVROFRPPH
SRXU 7500%Y HW LO SUpVHQWH GH PHLOOHXUV UpVXOWDWV G¶HVWLPDWLRQV TXH OH SURGXLW
3(56,$11 $YDQW GH UpDOLVHU XQH DSSURFKH PXOWLWHPSRUHOOH RQ FKRLVLW GH FRUULJHU OHV











 &HWWH PpWKRGRORJLH IRQFWLRQQH SOXW{W ELHQ SXLVTXH OHV DQDO\VHV SUpFLSLWDWLRQV
DQQXHOOHVVDLVRQQLqUHVUpJLPHVDQQXHOVHWpYqQHPHQWVH[WUrPHVVRQWFRKpUHQWHVDYHF









/D GHQVLWp GX UpVHDX SOXYLRPpWULTXH HVW OD FOp GH OD SUpFLVLRQ GH WRXWHV WHFKQLTXHV




SUpFLSLWDWLRQV VHUDLHQW PRLQGUHV DYHF XQH GHQVLWp SOXV IRUWH $ORUV QRWUH UpVHDX
SOXYLRPpWULTXH pWDLWLO DVVH] GHQVH DILQ G¶HQWUHSUHQGUH OHV GLIIpUHQWV WUDLWHPHQWV




SRXU OH FRQWU{OH GH TXDOLWp /¶LQGLFH GH YDULDELOLWp SUHQG HQ FRPSWH TXDWRU]H LQGLFDWHXUV
FOLPDWRORJLTXHVHWVWDWLVWLTXHVGRQW OHVLQIOXHQFHVVXUOHVPHVXUHVGHYDULDELOLWpVVRQW MXJpHV
pJDOHV GDQV QRV WUDYDX[ 2U RQ SHXW SHQVHU TXH FHUWDLQHV GLIIpUHQFHV QRUPDOLVpHV GH FHV
FULWqUHV LQIOXHQFHQW WURS IRUWHPHQW OD GpWHFWLRQ GX 9, HQ SDUWLFXOLHU OD FRPSDUDLVRQ GHV
YROXPHVSUpFLSLWpVLPSRUWDQWVWUqVYDULDEOHV&HWWHUHPDUTXHHVWFHUWHVYDODEOHPDLVRQMXVWLILH
FHFKRL[G¶XQHSDUWSDUODYRORQWpGHGpWHFWHUOHVYROXPHVLPSRUWDQWVDEVXUGHV'¶DXWUHSDUW
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GHO¶$PD]RQLHEUpVLOLHQQHRQSHXWFLWHUOHVGRQQpHVSOXYLRPpWULTXHVVKRUDLUHVHWWULKRUDLUHV
LVVXHVGHODSODWHIRUPHGX3&'V7RXWHIRLVFHUpVHDXHVWUpFHQWHW WUqV ODFXQDLUH(QFHTXL
FRQFHUQH ODUpVROXWLRQGH ODFHOOXOHGH ODJULOOHRQDYDLWHQYLVDJpG¶XWLOLVHU OD UpDQDO\VHGX
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